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Training Programme on Energy Management: at 
Macneill and Magor Tea Estates, Assam 
February 26 & 20, 1990 

INTRODUCTION 


Energy is a vital input for industrial production, and 
many other human activities. ■ Though energy is not an end 
in itsel , it is a means to an end. Man has evolved in 
the usage of energy from biomass including fuel wood to 
fossil fuels. After the two oil crises in the seventies, 
the world has realized that fossil fuels are finite 

resources and hence exhaustible, and there is a need to 
use energy efficiently, in whatever form it comes in. 

Industry has been the main target of energy management as 
its consumption is the largest in any industria1ized 
country, and the sector is more organized. In India, the 
manufacturing industry accounts for over bl per cent of 
the total commercial energy consumption. In contrast to 
many developed and some developing countries, energy 

efficiency in our energy sectors, and industry in 
particular has been low. Consequently, there is a large 
scope for =a/mg substantial quantities of energy in our 

industry. 

Energy management in a broad sense would mean producing a 
given quantity of product with minimal energy input 
(energy conservation), and changing to a more readily 
available fuel/energy source from the scarcer ones (fuel 
substitution). 

In an energy management programme in any organization or 
factor/, involvement of all employees towards a common 

goal of higher energy efficiency is of paramount 
importance. This is achieved effectively through publ i — 
c.it/ and awareness campaigns, and training programmes. 

In response to a request from Mr. M.P.S.Sidhu of Macneill 
and Magor Limited, Tea Division, the Tata Energy Research 
Institute, New Delhi proposed that they would conduct a 
training programme on energy management for employees of 
the tea estates. This was accepted by Macneill and Magor 
ln August 1909, 

In October Mr. G.Sambasivan and Mr. S.An and of TERI 

visited the tea estates at Dekorai, Bargang, Monabarrie 
and Pertabghur, to study the energy consumption pattern 
and the scope of energy conservation m the tea factories. 
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A copy of the Report on Visit to Tea Estates is given 
Appendi •>, i , 


Design of the Training Programme- The one—day training 
programme has been designed to suit the requirements of 
the tea estates/ factories, taking into consideration 
various areas of coverage requested by Mr. Sidhu in his 
letter to Mr. G. Sambasivan , dated August 21, The 
reading material incorporates various measures for energy 
management at the corporate and estate levels. 


The emphasis in the training programme would be on 
thermal and electrical energy conservation. The topics 
are provided in the time-table. The reading material 
provides additional information on lubrication and 
training for energy efficiency, and bibliography. 


It is expected that a formal 
and programme would be set 
Macnei11 and Magor Limited 
progr amme. An organized 
would ensure energy savings 
term. 


energy management structure 
up at the Tea Division of 
as a sequel to this training 
energy management programme 
in the short and also long 
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APPENDIX 1 


Tata Energy Research Institute 
New Delhi 

REPORT ON 


VISIT TO TEA ESTATES OF 
MCNEILL. & PIAGOR LIMITED IN ASSAM 


fir. G. Satnbasivan and Mr. S. An and of Tata Energy Research 
Institute, New Delhi visited the following tea estates as 
a part of preparation for the training programme on energy 
management that TERI has proposed to conduct for McneiI1 
and Magor (MM) in February 1990. 

Date 

Place 

Factory 

Personnel Met 

October 3, IPS'? 

Pertabghur 

Dekorai 

Dekorai 

Mr. Tarlochan Singh 
Mr. D-C- Bhandari 

Mr. S. Basu 

October 4, 1/98? 

Dekorai 

Dekorai 



Bargang 

Bargang 

Mr. Nisshad Ahmad 

Mr. Sardu1 Singh 


lionabarie 

Pertabghur 

Mor>ait>arie 

Mr. M.M. Singh 

Mr. Nissar Hussain 

Oc tober 3, 1 '98? 

Per tabghur 

Pertabghur 

Mr . A. Saxena 


Mr-. David Taylor 
Mr-. M.3. Gill 


After arriving ait Pertabghur by the Company's aircraft, 

Mr - Sambasivan and Mr.An and met Mr.Tarlochan Singh, Touring 
Engineer stationed at Pertabghur. Mr. Singh provided 

details on the pattern of energy consumption at the tea 
estates, made tea production Quantities for a few estates, 
tea making process and the organizationa 1 set—up for the 
Company and its tea estates. 

For production of made tea, the factories work for roughly 
months in a year using electricity purchased from the 

state electricity board, HSDO/LDQ in DG sets for captive 

power generation and furnace oil (also known as tea dryer 
oil) in dryers. Every tea factory of MM in Assam has an 
HT supply line from ASEB. Due to power cuts, MM runs its 

factories with power from DG sets which operate in the 

range of 1000-3000 h per year. 

lionabarie represents the largest tea factory managed by 

MM, which makes 30 lakh kg of tea/year. The factories at 

Dekorai , Bargang and Pertabghur make 1!3 lakh, 20 lakh and 

20 lakh kg. made tea per year respectively. 

The processing consists of the following operations: 
withering, rolling, crushing/tearing/cur 1 mg „ fermenting, 

drying and packing. Withering and drying are the most 






energy-intensive processes. While withering consumes 
mostly electrical energy, drying operation uses mostly 
thermal energy (by burning furnace oil). 

There are many trucks and tractors used in the estates, 
which consume large quantities of diesel- 

In addition to supplying' electricity to factories, MM 
provides electricity to employees' homes. 

MM uses some very old Ruston DG sets which at most places 
consume LDO. 


At the four factories visited, energy meters were provided 
only at the substation and the electricity consumption in 
different processes is not monitored. Many important data 
related to energy consumption is not collected on a 
routine basis nor is it reported to the management 
periodical 1y. 


The TERJ team felt that there was a significant scope for 
energy saving in all the factories visited. 


As regards energy management at MM and its factories, the 
study tour indicated the following measures (tentative): 

1. Formal energy management set-up at the Corporate office 
with qualified technical people 

2» Energy management structure at the factories with 
existing staff members 

• Touring engineers made responsible for energy conserva— 
tion efforts in a group of factories 

U pgradation of existing equipment, insulation, etc. and 
introduction of new technologies for energy conserva¬ 
tion 


5. Modification to power distribution system 

. 3 ns t rumen t a t i on to enable monitoring and reporting of 

energy consumption 

"7. Detailed energy audits in each factory 
S - Training and awareness programme 
R. Water conservation 


The training programme to be conducted by TERI in February 
1RR0 would include all the above topics and more- The 
programme would be designed specifically to meet the needs 
of Mcneill and Magor. 


\ 


S . 


G- Sambasivan 


An and 



Electrical Energy Conservation 

by 

S. Anand 

In troduction 

The availability o-f an adequate amount of good quality 
electricity energy is essential for the industrial 
development of the country. Though there has been a 
phenomenal increase in the installed generation capacity 
during the past 40 years, the demand for power has out¬ 
stripped the availability causing widespread shortages 
for power in different parts of the country. 

The major brunt of this power supply shortage has been, 
and will be faced by the industrial sector which accounts 
for about 52 per cent of electricity consumed in the 
country. Besides having to live with poor quality and 
unpredictable supply of power, industries also have to 
cope with ever increasing energy prices. Recent events 
and future prospects for the demand and supply of elec¬ 
tricity have underscored the necessity of giving conser¬ 
vation greater weight. 

This requires efforts in two directions — maximizing 
energy efficiency in existing industrial units and 
adopting the most energy efficient technologies for 
future expansion and growth. A majority of industrial 
production today is based on processes, technologies and 
equipment designed and built when energy was cheap and 
readily available. As a result of this, there is large 
potential for energy conservation which has been esti¬ 
mated to be in the range of 20—30 per cent of the energy 
being used presently. These savings can be realized 
through energy conservation measures ranging from 
improved housekeeping practices to minor modifications in 
existing equipment to major equipment/process modifica— 
tions. 

Conservation practices in industry, however, will depend 
very heavily on the cost and availability of fuel/power 
and the motivation for implementing conservation schemes 
is influenced by a number of forces which relate to tech¬ 
nical , economic and financial factors. In addition, 
institutional regulations and constraints are very often 
dominant factors. 


Electrical Energy Use 

At the tea factories, electricity is mainly used for 
providing motive power and for lighting. Of these, elec¬ 
tricity used for motive power would alone account for 
about *75 per cent of the total electricity consumption. 

Electrical energy consumption can be reduced by elimina¬ 
tion or attenuation. Energy conservation schemes normally 
employ the latter method to reduce electricity 
consumption. 
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Electrical energy management can be effected by taking a 

variety of steps depending upon their suitability for a 

particular application. 

1) Proper/optimal controls — use of simple timers, 
electronic/microprocessor based controls, variable 
speed drives for motors, etc. would provide better 
control over the process, which in turn could be 
used to optimize the functioning of equipment there¬ 
by reducing energy consumption; 

2) Optimize Capacity — As far as possible, it is better 
to optimize capacity since excess capacity would 
result in under utilization which leads to ineffi— 
ciencies; 

3) Reduce Loads — As far as possible avoid loads which 
are non-essential to the production process; 

4) Use more efficient processes - Technological changes 
have made possible the use of more efficient 
processes which are not only more effective, but 
also reduce energy consumption. For example, use of 
fluidized bed dryers; 

5) Use more efficient equipment — Energy consumption 
can be reduced by using more efficient equipment, 
such as energy efficient motors. efficient lamps, 
etc . ; 

£») Employ special techniques - Use of power factor 

correction capacitors, resizing the distribution 
s Y s "tem, etc. would lead to further reductions in 
energy consumption; 

7) Effectively contain energy and reduce losses - 

Installing heat recovery systems and better insula¬ 
tion are examples whereby energy could be contained 
and energy consumption reduced; 


is difficult to be exhaustive in reviewing various 
energy conservation schemes because of the diversity of 
processes, technologies and equipment, each having unique 

m-asurH thus calling for unique energy conservation 

es. This paper deals with some techniques for iden¬ 
tifying potential for savings and for reducing electri¬ 
city consumption in specific equipment like 

load management. 


lighting systems, and 


motors 
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Electrical Energy Analysis 


An electrical energy conservation programme requires: 

— a systematic approach to electrical energy analysis; 


— an investigation of all related systems which contri¬ 
bute to the consumption of electrical energy. 


A systematic 
use data is 
pattern. This 
factory level 


and detailed analysis of historical energy 
essential to determine the energy use 
analysis should be carried out at both the 
as well as for specific equipment. 


A systematic energy analysis entails carrying out a 
detailed energy balance to be made on each process, 
activity or facility, for a critical analysis of fuel use 
and identification of the potential for conservation. 
Such an analysis would help establish a bench mark or 
base line of energy use and energy use pattern. Based on 
this reference datum it could be determined where energy 
is being lost, and how much is being lost. 


Effective measurement and monitoring procedures would be 
essential for such an evaluation. Energy meters would 
have to be installed not only at the mains but also at 
distribution boards within the plant and at specific 
equipment which are known to be major energy consuming 
centres. The composite factory load should be broken down 
into different sections such as withering, rolling/ 
cutting, drying, sorting and packing and within these 
sections, the motor load and the lighting load should 
also be considered separately to characterize electricity 
use in these systems. To be able to carry out such an 
exercise, it would also be necessary to ensure that the 
one distribution panel does not supply power to different 
sections of the plant. 

The analysis should also include computation of the 
connected load, the maximum demand, the load factor — 
defined as the ratio of the average demand to the maximum 
demand, and the power factor. The variations in these 
during different periods of time and for different cycles 
of operation should also be accounted for. 


Since the majority of the factories have similar layout, 
distribution and equipment, it should be possible to 
arrive at norms for specific electricty consumption which 
would apply to all the factories. Since seasonal varia¬ 
tions have considerable effect on the green leaf quality 
the time required for withering etc., it would be impor¬ 
tant to arrive at norms for different times of the year. 
There would, however, still be some variations depending 
upon the mix of CTC and Orthodox tea production. 
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Electrical Load Management 


Electrical load management is the process of scheduling 
load usage so as to reduce electricity use during peak 
load periods. Load management generally means increasing 
the electricity consumption during off-peak periods- The 
goal of a load management programme is to maintain, as 
nearly as possible, a constant level of load, thereby 
allowing the system load factor to approach 100 per cent. 

The major benefit from load management is a reduction in 
the peak demand which would reduce the demand charges. It 
would also release a part of the system capacity for 
additional loads (in case of any expansion) to be placed 
on the system without the need for an additional 
transformer. Provided of course, that the additional load 
does not exceed the difference between the reduced peak 
load and the capacity of the existing transformer. 

To conduct a load management programme, it is essential 
that the system load curve for the plant be defined to 
ascertain the peak load. Peaks may occur either due to 
system faults or due to improper management. Only by 
monitoring and analysing the load curve on a regular 
basis can the cause for peaks be ascertained. On the 
basis of this analysis, loads can be rescheduled to 
reduce the peaks. This would, offcourse, depend upon 
whether or not loads can be rescheduled and other opera¬ 
tional constraints. 


Load management would have far reaching benefits since a 
reduction in the peak load would be reflected not only in 
reduced demand charges but also in reduced line losses 
and consequent1y, improved voltage regulation and 
improved system efficiency. 

At the hacneill and Magor tea estates, however. load 
management may not result in a significant monetary 
saving since the ASEB does not impose any demand charges. 


Power Factor Correction 


Power factor is defined as the ratio of real power <kW) 
to the apparent power (kVA) and is the cosine of the 
angle by which the current lags (or leads) the voltage. 
In case of inductive loads, the current lags the voltage 
and the power factor is ' lagging' ; whereas m the case of 
capacitive loads, the current leads the voltage and the 
power factor is ' leading' . 


At the tea factories, motors and lighting constitute the 
electric load and therefore, the entire load is inductive 
in nature. The overall power factor of the factory would 
be lagging. Poor power factor results in increased reac¬ 
tive current which leads to increased total current draw. 
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and 


The total current is the vector sum of the reactive 
working components of the current as given by: 

/ 

I T = N/(I W ) 2 + Um) 2 

where If is the total cqrrent, I^j is the working 
component of the total current and I m is the magnetizing 
component. With an increase in the total current draw, 
the I ““R losses in the line increase which also results in 
greater voltage drop across the line leading to poor 
voltage regulation. Poor power factor also results in 
increased reactive power which leads to increased kVA 
demand which is apparent from the relation s 

^2 2 
kVA = \/(kW) + (kVAR) 

where kVA is the apparent power, kW is the real component 
and kVAR the reactive component of power. 

Poor power factor can be corrected by either using shunt 
capacitors or by using sychronous motors which can be 
operated at leading power factor to compensate for loads 
with lagging power factor. At the tea estates, the use 
of shunt capacitors is most suitable for power factor 
correc tion. 

Capacitors take leading current and thus compensate for 
the lagging current drawn by the load. To determine the 
rating of c apacitor required for a particular load, it is 
necessary to determine the reactive power of the load. 

The capacitor rating required to improve the power factor 
from an existing value to a desired value can be computed 
using the relation: 

CkVAR = kW x (tan A - tan 2 > 

where, CkVAR = capacitor kVAR required 

load in kW 

COS 1 (existing power factor) 

COS ^ (desired power factor) 

Alternatively, power factor correction tables may be used 
to determine the rating of capacitor required to improve 
the power factor from an existing value to a desired 
value. Table 1 gives the kW multipliers for determinin 
the capacitor kilovars required for power facto 
improvement, 


kW 

1 

2 
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Table 1 


KW Multipliers for Determining the Capacitor Kilovars Required for Power-factor Improvement 



Example. Find the ckvar to improve the power factor of a 500-kw load from 0.7 to 0 05 


ckvar — kw X multiplier 

- 500 X 0 691 

- 345 5 
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Capacitors may be installed at either the substation, at 
distribution boards, at individual loads or, may be pro¬ 
vided at all these locations to improve power factor at 
different stages and avoid the high cost of installing 
low rating capacitors- Ideally, capacitors should be 
connected as near to the load as possible to get the 
maximum benefit, since improvements due to capacitors are 
reflected backwards from the point of installation to the 
generators- Therefore by providing capacitors only at 
the substation, the industry would avoid the penalty for 
poor power factor but would lose out on other benefits 
such as reduced line losses, reduced loading of cables, 
improved voltage regulation and increased system 
efficiency. However, since ASEB does not levy any demand 
charges, it may not be economical to install capacitors 
at individual load points. 

In installing capacitors, however, care should be taken 
that the capacitor rating is properly selected. Over- 
compensation is equally harmful and may also give rise to 
excessive voltage build-up when the motor is switched— 
off- In case of capacitor compensation for motors, it 
should be ensured that the capacitor current is not 
greater than the no-load current of the motor or, the 
capacitor kVAR is not greater than about 90 per cent of 
the no-load kVAR Df the motor. Similarly, when 
connecting capacitors at distribution panels it should be 
ensured that loads are not switched—off with all capaci¬ 
tors connected in circuit. 

In addition to the savings that are evident, there are 
other savings which are more difficult to quantify. For 
example, improved voltage regulation results in better 
operation of other equipment leading to an overall 
increase in system efficiency. In the final analysis, 
however, the installation of capacitors is influenced by 
the tariff structure, the cost, and the savings that 
could be achieved. 


Lighting 

Electricity consumed in the lighting system would vary 
from a small fraction to about 5 per cent of the total 
electricity consumption- In absolute terms, however, it 
might form a substantial quantity. With proper design and 
selection of lamps, substantial savings in electricity 
consumption could be achieved. Good lighting. however, 
is influenced by many factors which include physiological 
and psychological factors. Though it would be difficult 
to deal with all the factors which influence good light¬ 
ing and visual performance, some of the important con¬ 
siderations which have to be borne in mind when deciding 
on a new lighting system or when considering a change, 
are dealt with in this section. 
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Human vision is not equally sensitive to all parts of the 
visible spectrum. The peak sensitivity of the human 
photopic vision (used in bright illumination! occurs at 
the wavelength o-f 555 nm. At higher and lower wavelength 
the sensitivity (technically known as spectral luminous 
efficiency) decreases. The response "for wavelength less 
than 380 nm and greater the 760 nm is negligibly small. 

Two measures 0 "f visibility are 1) minimum perceptible 
contrast, and 2) visual acuity 

Minimum perceptible contrast is the minimum perceptible 
difference in luminance that can be perceived between a 
small dot and its surroundings. For low background 
luminance, increasing lighting levels decreases the 
minimum perceptible contrast. However, at high luminiance 
levels increasing the background luminance has little 
benefit. 


It might therefore be less expensive and more effective 
to redesign the task to improve its contrast than to 
increase illumination. For example, using white paper 
instead of coloured paper in an office would improve 
contrast thus producing less strain while reading. It is 
important to realize that the illumination required is 
determined by task contrast. 


Visual acuity is the measure of the ability to perceive 
detai1. Here again, beyond a certain limit, redesigning 
the task is more beneficial than increasing the illumina¬ 
tion. Another factor which affects visual performance is 
veiling reflections. 


Veiling reflections are a form of reflected glare where 
the task surface acts as a mirror, reflecting light 
directly into the eyes of the observer. Veiling reflec¬ 
tions decrease task contrast, but their effect is milder 
than disability glare. Veiling reflections can be avoided 
by proper placement of light fixtures. For example, 
placing the lie;' t source behind or above a person seated 
at a desk i« setter than placing it in front of the 
person. 


Selecting the 
the utmost im 
are rarely un¬ 
provided by f 
pressure sodiu 
used in indust 


nt suitable lamp for an application is of 
rtance. Now—a—days, incandescent lamps 
5 ^-h industries and lighting is generally 
^orescent lamps. Mercury vapour and high 
vapour lamps are also increasingly being 


The efficacy 
lumen output 
different lam; 
rendering cha 


of a lamp is defined by the ratio of the 
the lamp wattage. The efficacy of 
sources are given in Table 2. The colour 
oteristics of different lamps is given in 
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Table 3. It can be seen -from -these babies that high 
P ressure sodium vapour lamps are amongst the most 
efficient light sources. Though its colour rendition is 
not as good as that 0 "f -fluorescent lamps, it can be 
effectively used in most -factory areas. It is, however, 
not suitable -for areas where good colour rendition is 
required. 


Table 2 

Efficacies o-f Different Type & Wattages of Lamps 

Type o-f Lamp Efficacy (Lumens/Watt) 


GLS Incandescent 

(25W 

to 1000W) 

0 - 

10 

Tungsten Halogen 

(300W 

to 1000W) 

22 - 

27 

TLD Fluorescent 

( 1BW, 

36W, 

50W) 

61 - 

72 

TL Fluorescent 

( 20W , 

40W, 

65W) 

55 - 

65 

High Pressure fie 
(80W, 125W, 

rcury 

250W, 

Vapour 
400W, 

(HPLN) 
1000W) 

40 - 

57 

High Pressure Sodium Vapour 
(70W, 150W, 250W, 400W) 

(SON, SON-T) 

02 - 

120 

Low Pressure Sodium Vapour (SOX) 

100 - 

140 

PL (9W, 11W) 




60 - 

70 


Proper lighting design has to take into account various 
factors such as: 

— Area of the work place 

— Type of activity to be performed 

— Type of lamp best suited to provide the desired illumi¬ 
nation 

— Type of luminiare to be used 

— Mounting height of lamps 

— Lighting arrangement/distribution 

— Switching arrangement 

— Colour/ref 1ectance of walls, ceiling and floor 
~ Use of daylighting 

— Colour rendition required 

— Average age of persons working in the area 
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TABLE 3 

Light Sources and Their Characteristics 


A Guide for Lamp Selection Based on General Color Rendering Properties 


Type of 

Efficacy 

Lamp 

Appearance 
Effect on 
Neutral 

Effect on 
"Atmos¬ 

Colors 

Streng¬ 

Colors 

Effect on 
Com¬ 


Lamp 

(Ipw) 

Surfaces 

phere" 

thened 

Grayed 

plexions 

Remarks 


Fluorescent Lamps 


Cool* white 

CW 

■ 

White 

Neutral to 

moderately 

cool 

Orange, 
yellow, blue 

Red 

Pale pink 

Blends with natural 
daylight—good 
color acceptance 

Deluxe* 
cool white 
CWX 

■ 

White 

Neutral to 

moderately 

cool 

All nearly 
equal 

None 

appreci¬ 

ably 

Most 

natural 

Best overall color 
rendition, simula¬ 
tes natural daylight 

Warm “White 

WW 

■ 

Yellowish 

white 

Warm 

Orange. 

yellow 


mmm 

Blends with incan¬ 
descent light—poor 
color acceptance 

Deluxe 6 
warm white 
WWX 

■ 

Yellowish 

white 

Warm 

Red. orange, 
yellow, greer 

Blue 

Ruddy 

Good color rendi¬ 
tions simulates in¬ 
candescent light 

Daylight 

1 

! Bluish 
white 

|Very cool 

Green, blue 

Red. 

orange 

Grayed 

Usually replaceable 
with CW 

White 


Pale yellow¬ 
ish white 

Moderately 

warm 

Orange. 

yellow 

Red.green 
blue 

Pale 

Usually replaceable 
with CW or WW 

Soft white/ 
natural 

■ 

Purplish 

white 


Red, orange 

Green. 

blue 

Ruddy 

pink 

Tinted source 
usually replaceable 
with CWX OR WWX 


incandescent Lamps, Tungsten Halogen 


Incandescent 

filament 

|low 

Yellowish 

white 

Warm 

: 

Red. orange, 
yellow 

iBlue 

Ruddiest 

Good color 
rendering 



High—Intensity Discharge Lamps 



Clear 

mercury 

Medium 

Greenish 

blue-white 

Very cool, 
greenish 

Yellow, 
blue, green 

Red. 

orange 

Greenish 

Very poor color 
rendering 

White 

mercury 

Medium 

Greenish 

white 

i i 

i i 

Moderately 

cool, 

greenish 

Yellow, 
green, blue 

Red. 

orange 

Very pale 

Moderate color 
rendering 

Deluxe white 4 
mercury 

Medium 

Purplish 

white 

Warm, 

purplish 

Red. blue, 
yellow 

Green 

Ruddy 

rColor acceptance 
similar to CW 
| fluorescent 

Metal halide* 

High 

Greenish 

1 white 

Moderately 

cool, 

greenish 

Yellow, 
green, blue 

fled 

Grayed 

Color acceptance 
similar to CW 
fluorescent 

High-pressure 

Sodium* 

High 

Yellowish 

Warm. 

Yellowish 

Yellow green 
orange 

Red. 

blue 

Yellowish 

Color acceptance 
approaches that of 
| WW fluorescent 


Suurce Courtesy of General Electric Co.. Lamp Division. 
' Gieater preference at higher levels 
* Greater preference at lower levels 
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The activity to be performed, the colour rendition 
required and the illumination to be provided at the task 
determine the light source which is most suitable. The 
general tendency is to provide uniform light levels at 
all locations which in turn would be determined by the 
illumination required for the most difficult task to be 
performed. This results in unnecessary wastage of elec¬ 
tricity. Non-uniform lighting can be the key for provid¬ 
ing good illumination. However, it should be ensured that 
it does not create sharp contrasts. 

Task lighting is one of the most effective ways of 
providing acceptable levels of illumination at the work 
place. Background lighting however, has to be provided 
to ensure visibility even when task lights are turned 
off. Task lighting provides considerable potential for 
electricity savings since lamps can be selectively 
switched off. For office areas, however, uniform lighting 
is more suitable. 

To provide proper lighting it is also important to select 
the right luminaire and mount it at the right height. 
The most efficient lamps would not provide proper 
illumination if used with a badly designed luminaire. 
Similarly, by mounting the fixture at a height greater 
than, or very much lower than that specified by lamp 
manufacturers would result in inadequate lighting. 

Provision of proper switching arrangement is perhaps the 
single most effective way of reducing electricity 
consumption in lighting. Switching arrangement should be 
provided such that lamps can be selectively switched off 
when not required. An effective means of reducing 
lighting electricity consumption would be to provide 
separate switches for lamps along windows so that they 
may be switched off when there is adequate daylighting. 
Daylighting can be improved by providing skylights and 
transluscent fibre reinforced plastic (FRP) sheets on the 
cei1ing. 

All efforts at providing good lighting can be negated 
with inadequate maintenance of the lighting system. It 
is important that lamps and luminaires are cleaned at 
periodic intervals to ensure that fixtures provide the 
illumination levels they were designed for. However, 
over a period of time the lumen output from lamps 
depreciates and it is advisable to replace lamps at the 
end of their economic life (defined as the time by which 
lamp lumen output reduces to about 70—75 per cent of the 
design value). Group relamping programmes are most 
suitable to ensure uniformity of illumination from multi- 
lamp fixtures. 



Even in existing lighting system, electricity consumption 
can be reduced in a number of ways- Using slim tubelights 
and electronic ballasts is one way of reducing electri¬ 
city consumed in fluorescent lamps- A summary of measures 
by which lighting electricity consumption could be 
reduced in both new and existing systems is given below, 

1. Design lighting for the task 

2. Provide the required illumination for visual tasks in 
the working areas only, and appropriate lower levels 
in the general areas such as corridors, storage, and 
circulation areas. 

3. Reduce the wattage required for each specific task by 
reviewing user needs and methods of providing illumi— 
n a tion 

4. Consider only the amount of illumination required for 
the specific task, taking into account the duration, 
the character, and the user performance required. 

5. Consider use of greater contrast between tasks and 
background lighting. 

6. Select the proper lighting systems 

7. Use fixtures that give high contrast rendition at task 

8. Keep exterior lighting to a minimum 

a. Eliminate exterior lighting except where used for 
identifying the building entrances and/or for 
security. 

b. Coordinate street lighting with security lighting 
and eliminate duplication 

c. Use high-efficiency light sources ( high—pressure 
sodium or high—intensity—discharge lamps). 

d. Use efficient luminaires (prismatically controlled 
1 ens, rather than general diffusion or decorative 
geometric forms). 

B * Use photocells for turning on exterior lights, and 
time clocks for turning them off. 

*7. Select the most efficient luminaires. 

10. Consider the use of high-frequency electronic ballast 
^ D reduce wattage per lumen output. (Additional bene¬ 
fits are reduced ballast heat loss and longer lamp 
life). 
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11. Select the most efficient light sources. 

12. Consider the use of light colours for walls, floors, 
end ceilings to increase reflectance (but avoid 
specular reflections) 

13. Lower ceiling or mounting height of luminaires to 
increase the level of illumination with less wattage. 

14. Select furniture and interior appointments that do 
not have glassy surfaces or give specular reflections 

15. Use high—ref 1ectance finishes on room surfaces 
(particu1ar1y vertical surfaces). 

16. Lay out the luminaires for visual performance rather 
than uniform space geometry. 

17. Within the limits of the luminaire supporting system, 
locate the luminaire as close to or, directly over 
the task, as possible without creating excessive 
ref 1ec tions. 

18. Avoid locating luminaires directly in front of the 
visual task. 

1*7. In mu 11 i pi e—task areas luminaires should be located 
between the desks so that the main lighting 
components originate from either or both sides of the 
desk . 

20. Luminaires should be selectively switched according 
to possible grouping of working tasks at different 
working hours. 

21. Design switch circuits to permit turning Dff unused 
or or unnecessary lights. 

22. Provide timers to automatically turn off lights in 
remote or seldom used areas. 

23. Utilize daylight 


The key element in a lighting management programme 
appears to be the perception of the workers that the 
management is attempting to improve the working conditons. 

This perception can occur by repainting equipment, 
decorating walls, improving the distribution of lighting, 
and so on. In essence, management's show of concern for 
the employees appears to be the determining variable. 
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Removing light fixtures to save money can often be inter¬ 
preted as taking something away from the workers and can 
decrease productivity simply by affecting worker’s 
morale- In fact, the problem of optimising lighting 
save energy is usually quite closely tied with 
problem of relationship between the workers and 
management - 


to 

the 

the 


A successful programme for improving energy efficiency in 
lighting must pay considerable attention to the percep¬ 
tion fay the workers of the management, of the energy 
efficiency programmes and its recommended changes. 


Motors 


Electric motors account for nearly *75 per cent of 
total electricity consumption of the factories 
provide considerable potential for energy conservati 


the 
and 
on - 


Motor electricity consumption can be reduced by operatio¬ 
nal improvements such as operation as balanced and rated 
voltage, regular maintenance, provision of adequate 
cooling, etc; and by retrofit improvements which include 
power factor correction, proper selection of motor 
rating, use of energy efficient motors and variable speed 
drives. 


Please refer to the paper entitled 'Electrical Energy 
Conservation in motors' for a more detailed discussion on 
the operation of motors and energy conservation oppor¬ 
tunities in electric motors. 


Withering 

In tea processing, withering is one of the most energy 
intensive operations accounting for about 25 per cent of 
the total factory load. Savings could be achieved in the 
withering process by using dual/multi speed motors- Over 
a period of time as the leaf gets withered, the fan 
motors could be switched over to a lower speed thereby 
reducing energy consumption- Savings could also be 
achieved by switching off the fans for short durations of 
time in between the withering process- The duration over 
which the fan could be switched off would have to be 
determined experimentally by a trial and error method. 
The time duration would also have to be changed depending 
upon seasonal variations- It would be required to carry 
out a careful study to determine the possibility of shut¬ 
ting off fans used in withering troughs- It should also 
be ensured that there is no air leakage from the sides of 
the troughs. To obtain a uniform wither, it would be 

required to have a slight paper in spreading the leaf 
over the trough, so that the end nearer to the fans is 
thicker than the opposite end. This especially signifi¬ 
cant since the withering crops used at the Macnei11 and 
Mag or tea factories are very long- 



Fermentation 


In the -fermentation process, it was observed that often 
the fermentation trough fans were on even when the 
troughs were empty. Here too, the possibility of using 
of dual speed motors should be examined. This would have 
to be done in conjunction with the provision of dampers 
at the .air duct entry point to each trough. Such an 
arrangement would make it possible to close the dampers 
of troughs not in operation and run the fan at. a lower 
speed. It is also recommended that the use of a spring 
loaded mechanism be considered by means of which the air 
ducts of each individual trough could be closed in the 
absence of the fermenting tray. Although the fermenta¬ 
tion load forms a very small percentage of the total 
factory load, in absolute terms the savings would be 
signific ant. 

The air supplied to the fermenting troughs is humidified 
by spraying water at the suction end of the fermenting 
trough fan. In this process a' lot of water is drained 
and fresh water is pumped in. Since energy has been spent 
in supplying water, it is essential it be used with care 
and to the fullest extent. It. is therefore recommended 
that a sump be constructed so that the water required for 
humidification of air is recycled. The pump presently 
being used could itself be used for recirculating the 
water. A mechanical float valve could be used to 
replenish water to the sump. 

At Pertapghur tea estate, it was observed that one of the 
overhead tanks was overflowing. It is recommended that 
simple mechanical water level detecting devices be 
installed so that the motor is switched off when the tank 
is full. 


Electrical Distribution System 

At. the Macnei 1 1 and Magor tea estates, electricity is 
supplied by the ASEB. In addition, DO sets are used 
during power cuts. Presently, the DG sets are not syn¬ 
chronised and different distribution boards are supplied 
from separate DG sets depending upon the load and the 
capacity of the DG sets. Such an arrangement is 
inefficient since it leads to under utilisation of the DG 
sets when the load at the distribution board reduces. It 
is recommended that the DG sets be synchronised <as at 
the Honabarie tea estate) or a suitable arrangement be 
devised so that, the DG sets are optimally loaded. Such a 
measure would result in significant savings in diesel oil 
consumption. 


IS 



Instrumentation and Monitoring 


Instrumentation is vital to the actual measurement o-f 
energy -flows and in determining energy efficiencies. 
Adequate i nstr ument at i on should be provided at di -f -f erent 
sect i ons o-f the f actory and f eeder di str i buti on poi nt s . 
This would enable monitoring of energy flow in different 
equipment and help in recording the energy usage pattern. 
Such information would be also be helpful in conducting 
energy audits on a regular basis. 

However, it must be noted that instruments remain 
accurate only if they are adequately maintained and 
regularly caliberated. Without proper instruments to 
measure energy flows, energy conservation measures will 
be difficult to conceive, design and implement. 


Operation and Maintenance 

In most industrial operations embarking on an energy 
management programme, the immediate savings in energy 
utilization can be achieved by minor improvements in the 
operation and, above all , through the implementation of 
an effective maintenance programme. 


Maintenance efforts, traditionally have been motivated 
primarily by the concern for preserving equipment. 
Energy use has not been given due consideration. 
However, the increasing costs of electricity dictate that 
this deficit be remedied. Maintenance programmes can 
provide the framework for organized reduction in energy- 
consumption. Normally, maintenance could be preventive 
or corrective. Preventive maintenance has scheduled down¬ 
times for routine cleaning, repairs, etc. In breakdown 
maintenance, equipment is operated for extended periods 
of time with maintenance called for only when equipment 
shows clear signs of impending malfunction. The latter 
approach wastes energy, because equipment is operating at 
reduced efficiency for part of the time. 


Maintenance could also be predictive. Predictive Mainte¬ 
nance skirts both these pitfalls? it slashes costs and 
saves energy. The approach requires taking key measure— 
ments, along with a sure knowledge of how the equipment 
-hould be operating for the conditions existing. In 
essence, it is very simple? the process is carefully 
monitored; when performance begins to tail off, the 
rieterjoration is recognised and probable reasons pin- 
pointed. Maintenance is then needed, but it can be 

«?incv U i^nrf^+- tJ "' e ® >!tr ' emes of routine and contin¬ 

gency conditions. 


A proper combi 
tive maintenanc 
and inspection 
savings. 


nation of preventive maintenance, p 
e and corrective maintenance, and cl 
of equipment can effect significant 


redic— 
eaning 
energy 



ENERGY EFFICIENCY IN TRANSPORT VEHICLES* 


V. n troduction 

I'hiB paper examines the most effective ways of cutting 
down fuel waste in road vehicles. In many cases little or 
no cost is involved, the saving being achieved by greater 
attention to such factors as; 

— monitoring vehicle and driver performance 

— reducing aerodynamic drag losses 

— reducing engine and transmission losses 

— tyre management 

jc $ 

— maintenance 

— improved operational planning 

; nt'rgy efficiency in road transport means saving fuel, 
ind as fuel accounts for a substantial portion of the 
rworall operating cost of a vehicle, the potential for 

waving energy and therefore, money can be appreciated. 


d t^ssing Current Performance 

Su. prisingly perhaps, many operators (factories) have 

nit/ a rough idea of fuel consumption of their vehicles; 
winch means that not only is it impossible to measure any 
iiDpruvements resulting from an energy efficiency 
< >r i iijramme , but also, where there is a ’rogue’ vehicle in 
i iip fleet, it is often some time before its poor perfor¬ 
mance is noticed. 

It is therefore essential to establish a datum to 
which any improvement in fuel consumption may be 
related. Whereas with a house or factory it is 
possible to estimate the likely energy costs 
(heating, lighting and so on) based purely on the 
size and construction of the building, no such 
qenera1ization is possible with a fuel consumption of 
.) commercial vehicle, because there are too many 
variables. Type of body, type of operation, type of 
loading pattern — all of these have a considerable 


* Adapted from ’Energy Efficiency in Road Transport’ 
Fuel Efficiency, Booklet No.20, Energy Efficiency 
Office, U.K. 1907. 

## See Appendix for an ex amp1e of maintenance schedule 
at the Pertabghur Estate. 
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influence on the fuel consumption • It "follows therefore, 
that an accurate assessment of the "fuel used is essential 
i -f any efficiency Improvement programme is to be 
implemented. At the tea estates, the tank-to-tank topping 
up method could be used at the end of the journey/day. 
This would require an estimation of distance travelled 
every day or in a trip by a vehicle, if there is no 
odometer. The tank —to-tank system of evaluation can be of 
value only if it is carried out properly. 

Many fuel tank designs make the elimination of air 
pockets during a filling a tedious process and it is 
often difficult to know when a tank is full. This 
immediately implies a potential source of inaccuracy; so 
to minimize this, the driver should be asked to put in 
fixed number of gallons at the end of each shift without 
actually filling the tank to the brim. At the end of, 
say, a week, the tank should be topped up under 
supervision, and so in this way, any error due to 
uncertainty over whether the tank is completely full will 
be restricted to one error per week instead of the 
cumulative effect of one per day. 

Weather is one of variables which would affect fuel 
consumption of a vehicle. It is easy to be misled into 
thinking that an improvement in consumption has been 
achieved when the 'before' test was carried out on a wet 
day and ’after' test was done in the dry. Tyre drag 
increases when the roads are wet, and so the apparent 
improvement in fuel consumption could be due entirely to 
the weather. 


I t is essential when analyzing the performance of a 
c 1 e that all the variables are kept under control . As 
well as the weather, other variables include the route, 
the gross weight and the height of the body or load. It 
hardly seems necessary to point out that a different 
gross weight for example will give a different fuel 
consumption. 


The 
essen 
but g 


here is quite straightforward. It is 
i®^ monitor the fuel consumption of a vehicle, 

rBa_t care is needed to interpret results correctly. 


Driver Involvement 

The diesel engine in a modern commercial vehicle 
^ "f nc } ut ^i n 9 tractor) has different performance characte- 
ri5 * ics ^rom its predecessor of just a few years ago. In 
a large vehicle a 250 to 270 -hp engine of the mid¬ 
seventies produced its maximum power at engine speeds of 
up to 2600 rpm, whereas its equivalent of the eighties 

usually runs no faster than 1700 rpm - for the same rated 
output . 
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The lower the engine speed, the lower the interal 
friction within the engine — one of the factors which has 
helped to achieve the improvements in consumption 
apparent with modern designs- However, it is obvious that 
these lower engine speeds must be adhered to or the 
benefits will be lost- And this is where ' driver 
familiarization' comes in. 


Making the driver want 
any energy efficiency 
use a little tact he 
implication that their 
can be demonstrated 
increase in journey 
disappear. 


to save fuel is a major factor in 
program, and hence, it is vital to 
re. Many drivers will resent any 
driving can be improved, but if it 
that they can save fuel with no 
time, resentment will usually 


One factor associated with modern low rev/high torque 
engines is that they require less gear changing and thus 
less of driver's effort, because the engines will still 
'pull' strongly at speeds as low as 900-1000 rpm- But the 
driver has to be told what the characteristics of the 
engine are before any benefit in technology can be 
translated into economy. 


The Petroleum Conservation Research Association (PCRA) 
offers free training programmes for drivers. To benefit 
from this service, it is recommended that Macneill and 
Magor contacts a PCRA office in Assam, or write to 
Chief Executive Director, Petroleum Conservation Research 
Association, 1008 New Delhi House, Barakhamba Road, New 
Delhi 110 001. 


Driver Motivation 


The attitude to fuel usage is often mirrored by the 
differences in tyre wear and maintenance costs of a 
vehicle- It is therefore important to monitor both 
vehicle and driver performance to ensure that the poor 
performance can be identified and suitable action taken. 


As a way of encouraging the driver to become involved in 
an energy efficiency scheme, some form of incentive 
scheme can be devised. This can take the form of a 
financial bonus related to savings achieved, or something 
more light-hearted like an economy 'league table'. It is 
admitted that few companies have managed to operate a 
bonus scheme successfully for a variety of reasons, but 
with the league table it is a different matter. Drivers 
tend• to be competitive over their skills and a list 
pinned up is a common area showing the economy achieved 
by the drivers the week before can pay dividends. 
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Vehicle Operation 
i) Engine Losses 

Engines are at most efficient at higher temperatures, 
which means running with the coolant just below its 
boiling point. It follows that accurate control of air 
flow through the radiator and over the engine is 
extremely important. As a rule of thumb, fuel consumption 
increases by approximately one per cent for every 6 C 
below optimum engine temperature. 

Improved Lubricating Oils 

These are continually coming on to the market. The 
improved engine oils aim to reduce fuel consumption by 
reducing the oil viscosity, and adding friction modifiers 
to maintain protection against wear of the moving parts. 
Abroad (in the U.K.), with the use of improved lubricat¬ 
ing oils, fuel savings of about 2 per cent have been 
measured in dynamometer tests on diesel engines, rising 
to 4 per cent on small petrol engines. 


Fuel Additives 

It has been argued that a turbocharged diesel engine on a 
highway needs a different fuel to that required by a 
naturally aspirated engine involved in urban areas. This 
has led to the appearance of many fuel additives on the 
market which are claimed to improve fuel consumption— 
usually by reducing the surface tension of the fuel 
droplets leading to better atomization and improved 
combustion. 

^ spite of the claims put forward by the manuf ac turer s, 
few, if any, additives have been shown to give an 
improvement in fuel consumption under normal operating 
conditions. One difficulty is that the claimed improve— 
merits are often less than 4 per cent, which is extremely 
difficult to measure anyway. 

This should not be seen as an attempt to decry the use of 
additives in principle. It is just that operator 
experience to date with additives currently available 
suggests that the claimed improvements in fuel consump- 
^i on are not justified by the results. 


ii) Reducing Transmission Losses 

Information on the losses of transmission systems is 
somewhat limited. A single drive axle will usually have 
an efficiency of more than 90 per cent and so there is 
not a lot of scope for improvement. Losses wi 1 be highest 
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when a thick oil is being used and the temperature is 
low, and under these conditions an improved lubricating 
oil could lead to significant fuel savings. It would be 
advisable before changing to a new type of oil (if one is 
ava il a fc'le) to check with the oil company and with the 
vehicle or engine manufacturer that the proposed change 
meets with their approval. 

Gearboxes are very efficient mechanisms when operating in 
direct drive and so there is no much room for improvement. 
In intermediate gears, however, efficiencies are not so 
high and it is possible that a low viscosity oil could 
lead to increased efficiency. 

The vast range of vehicles, engines, and transmissions 
makes it impossibe to quote an average figure for fuel 
saving in the transmission; the maximum saving that could 
be obtained by changing to a more efficient axle and 
using a low viscosity lubricating oil would be about 5 
per cent. Check with authorized oil supplier or PC-RA and 
vehicle manufacturer before changing to a low viscosity 
oi 1 . 


iii) Routing and Scheduling 

The less miles a vehicle covers, the less fuel it will 
use. In practical terms this means that fuel savings may 
be generated by planning vehicle operations to carry out 
the work required while covering the minimum mileage. 

Where the operation requires the movement of complete 
vehicle loads to a single destination, it is necessary to 
select the best and shortest destination, or quickest 
practical route. For most journeys, there are a number of 
possible routes which could be taken. Choice of the 
incorrect' route will often result in the use of more 
fuel than is necessary. For short distances for which a 
vehicle is not required, one should either walk or use a 
bicycle to save energy. 


iv) Maintenance 

y 

Effective vehicle maintenance systems are essential, 
not only for smooth operation, safety and vehicle 
reliability, but also for good fuel efficiency. A badly 
maintained vehicle will almost certainly use more fuel 
than is necessary. 

Every maintenance system. needs to be built around 
frequent and efficient arrangement to monitor the 
condition of each vehicles 
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— every driver should be required "to check his vehicle 
daily and be trained to recognize and report on "fuel- 
related -faults; 

- every vehicle should be regularly examined by a 

qualified inspector, and again, as part of this 

inspection, fuel-related -faults should be identified. 

Everyone involved in vehicle maintenance, and that 

includes drivers, vehicle inspectors and mechanics, must 
have an awareness o-f fuel-related -faults such as black 
exhaust smoke, fuel leakages, incorrect tyre pressures, 
binding brakes and so on. Managers have the 
responsibility of ensuring that the maintenance staff is 
aware of the amount of fuel that can be wasted by such 
faults and the maintenance systems should be such that 
corrective action can be taken rapidly to rectify them. 


The following fuel—related 
commercial vehicles: 

1. Fuel leaks (supply) 

2. Fuel leaks {injection) 

3. Engine 

4. Tyres 

5. Brakes 

6. Clutch 


faults are very common on 


fuel tanks, fuel pipes, 
connectors, filters, 
lift pumps 

high prerssure pipes & 
connections, injection 
pumps, injectors 

black smoke, perfor¬ 
mance, throttle fault's, 
fast stick over 

misalignment and scrub, 
low pressure 

binding 

slip, bad adjustment 


Unless there is: 

- an awareness of the effects of fuel-related faults; 

a conscious effort to closely monitor vehicle condition 
by drivers, inspectors and mechanics; 

- a maintenance system to rapidly rectify such faults, 
fuel will be wasted 


* It has been noticed by the energy study team from TER I 
that at Pertabghur, all the tractors, cars and gypsy 
were regularly maintained every two weeks.Such routine 
maintenance would ensure higher energy efficiency. 






v) Vehicle Weight Reduction 


If the weight of a vehicle is reduced by suitable changes 
in material, the fuel consumption would reduce. Macneill 
and Magor should examine if the weight of trailers could 
be reduced by using light weight aluminium instead of 
steel in the racks. 


vi) Management Controls 

Earlier in this paper it was emphasized how important it 
was to have a reference point for fuel consumption before 
any form of energy efficiency programme can be attempted. 

Following on from this, ongoing monitoring is needed to 
ensure that any subsequent improvements are maintained 
under everyday operating conditions. 

If there is a bulk fuel tank within the factory premises, 
issues of fuel need to be recorded both for 
accountability and for fuel efficiency reasons. For the 
smaller user (where applicable), manual recording of fuel 
issued—either by the driver or other designated person — 
may be the only solution, but this is rarely wholly 
satisfac tory. 


ConelusiDn 


This paper examined 
applicable in Macneill 

the fuel consumption 
improved. Checklists f 

for fuel efficiency are 


the various ways (which are 
and Magor tea estates) in which 
of commercial vehicles can be 
or vehicles and their operation 
given below. 


Fuel Efficiency Checklist for Vehicles: 

— Are the tyres in good condition and at the correct 
pressures 7 

— Are the wheels correctly aligned 7 

— Is the fuel system free from leaks 7 

— is the fuel system adjusted to the manufacturer's 

recommendations 7 

— Are the air cleaners serviceable 7 

— Is there any evidence of brakes binding 7 

— Is there any evidence of clutch slip 7 
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Fuel Efficiency Checklist for Operations 

— Are the speedlimits being observed ? 

— is the engine stopped when parked or unloading/loading 7 

— Are fuel purchases from outside sources kept to a 
minimum ? 

— Is advantage being taken of the various fuel economy 
aids which are available 7 

— Is the fuel consumption of the vehicle<s) monitored 
accurately 7 

— Are the routing and scheduling arrangements designed to 
help fuel economy 7 

— Are the drivers instructed in the optimum driving 
techniques for the vehicles in question 7 

— * — 
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APPENDIX 


Pertabghur 

Tractor Maintenance Schedule 


1 st 

and 

3rd 

Monday and Wednesday 

— 

No , 

1 

T r actor 

1 st 

and 

3rd 

Tuesday and Thursday 

— 

No. 

3 

Trac tor 

1 st 

and 

3rd 

Wednesday and Friday 

— 

No . 

4 

T rac tor 

1 st 

and 

3rd 

Thursday and Saturday 

— 

No . 

3 

Trac tor 

1 st 

and 

4 th 

Friday and Monday 

— 

No . 

<b 

T rac tor 

1 St 

and 

4 th 

Saturday and Thursday 

— 

No. 

7 

Trac tor 

2 nd 

and 

4 th 

Monday and Wednesday 

— 

No . 

S 

Trac tor 

2 nd 

and 

4 th 

Tuesday and Thursday 

— 

No . 

*7 

T rac tor 

2 nd 

and 

4th 

Wednesday and Friday 

— 

No , 

10 

T rac tor 

2 nd 

and 

4 th 

Thursday and Saturday 

— 

No . 

11 

Trac tor 

2 nd 

and 

1 st 

Friday and Monday 

— 

No . 

12 

Tr ac tor 

2 nd 

and 

1 st 

Saturday and Tuesday 

— 

No . 

13 

Trac tor 

3rd 

and 

1 st 

Monday and Wednesday 

— 

No . 

13 

Tr ac tor 

3rd 

and 

1 st 

Tuesday and Thursday 

— 

No . 

1 3 

Tr ac tor 


Car Maintenance Schedule 

1st. and 3rd Monday - Mr . Sharma 

Tuesday t Mr. Sandhu 

Wednesday z Mr . 

Thursday z Mr. Misbra 

Friday z Mr, Rikhye 

Saturday z Mr./Dr. Pandey 

2nd and 4th Monday z Manager's car 

Wednesday z Gypsy/Tata 407 

Thursday z Matador 

Friday - Mr, Pabnda 

Saturday z Mr. T. Singh 
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ENERGY AUDIT 


by 

G. Sambas!van 

Tata Energy Research Institute, New Delhi 
Introduction 

Energy is a vital input to industrial production and 
national economy. In 1*787—80, India's total commercial 
energy use was 103,35 million tonnes of oil equivalent 
(Mtoe) , A conservative energy saving of 10 per cent 
would have saved the nation more than 10 Mtoe. What would 
this saving mean to an industry or a commercial organiza¬ 
tion *? It could mean increased profits, more competitive 
pricing, and more money available to improve services to 
public. To the nation, it would mean less investment in 
energy supply industry, allocation of funds thus released 
for social programmes, and less impact on the environment 
from energy production and energy use, 

A sound energy management programme in any organization 
would mean monitoring of energy consumption and energy 
flows at various locations, keeping a record of such 
measurements, and analyzing the data for improving the 
energy efficiency. This is in short known as energy audit. 

In this paper, the principles of energy audit in an 
industrial unit are discussed with a view to provide the 
reader an introduction to energy audit. The fundamental? 
highlighted here can also be applied to commercial 
organ!zations. 


What is an Energy Audit ? 

Beginning in 1*773, energy suddenly became a very impo»— 
tant topic. It was elevated to the position of a major 
topic almost overnight when mass media, politicians, 
government, business and consumer advocates started 
talking about it. The need to use energy (especially oil) 
efficiently was felt more than ever before in 1*773—74, 
after the first oil crisis. 

Years before the first oil crisis, professionals realized 
the importance of cutting down on energy consumption, and 
developing and utilizing methods of using less energy to 
produce same or more quantity of any product. The 
incentive then, as now, was saving money on purchased 
fuel and electricity. Probably no one would ever know 
when the term 'energy audit' Was coined. The term has 
certain negative implication and it is not very 
descriptive. The dictionary meaning of the word 'audit' 
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is ’a formal examination and verification of financial 
accounts'. This description does not fully convey the 
meaning of energy audit. Hence, it would probably be 
better to use an alternative terminology to describe the 
energy activities mentioned in this article as plant 
energy study'. However, as the term energy audit has 
been used for many years by people who speak with autho¬ 
rity in energy matters, the expression will stay with us 
for many more years. 


Types of Energy Audit 

Basically, there are two types of energy audit. They are 
known as: 


(1) Preliminary Scoping Study, and 
(Z) Detailed Energy Audit 

The types of energy audit relate essentially to the scope 
of energy study, as will be seen below. 


Preliminary Scoping Study 


The preliminary scoping study (or preliminary energy 
audit or walk-through energy audit) is used by the 
professional energy consultant to help define, for 
himself and for the prospective client, the true 
dimensions and character of the energy problem at a 
specific plant. Usually, a qualified consultant visits 
industrial unit just for a day. Emm the data gathered 
during his visit and his survey of the actual plant, he 
is able to define the total energy involvement of the 
plant in energy and monetary terms, and point out areas 
where energy could be saved with little or no investment. 
The scoping study includes detailed discussions with 
plant people regarding past energy consumption trends and 
energy-saving schemes, as well as the energy management 
structure both at the plant and corporate levels 


After a few days of analysis of data gathered during the 
plant visit, the consultant presents the results of the 
study in a concise report. I f he is convinced that 
significant energy savings would result if a detailed 
study of the energy consumption in the plant is made, the 
consultant recommends to the client a detailed energy 
audit. A proposal for such a service will usually 
accompany the scoping study report. 


The basic objective of a scoping study is to define the 
ener-gy problem. This can usually be done most effectively 
by an outside energy consultant. However, a similar 
technique should be also applied as a first steo if 
pT^eS? in-house plant energy studies are con tern- 
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the case ot "factories o f Macnei 1 1 and Magor, it is 
recommended that an outside consultant(s) be employed to 
conduct preliminary energy audit in each "factory "for the 
"first time. A"fter sufficient expertise is developed 
within a "factory, an energy audit could be done by the 
plant personnel. 


Energy Bus. An energy bus is a van "fitted with computers, 
measuring instruments, demonstration equipment including 
video units, and staffed by two engineers. The energy 
bus -is primarily used to carry out on-the-spot energy 
aud its o-f small and medium—sized industrial units, and 
commercial establishments. The purpose o"f such audits is 
to propose short-term energy—saving measures. The energy 
audits-would, on the average, take two days per plant. 


The concept o"f energy bus originated in Canada 
late l?70s and was later adopted in 1*780 by the 
Economic Community. Currently two organizations 
including TERI, have acquired energy buses to 
preliminary energy audits. 


i n the 
European 
in 3 ndia, 
conduct 


Detailed Energy Audit 

The detailed energy audit is a "thorough analysis and 
evaluation of all aspects of energy procurement, storage, 
conversion, distribution and use within an industrial 
plant pr an industrial complex. The effort is intended 
to define and develop all the significant measures that 
can be. taken within practical limits to improve energy 
efficiency of the plant and reduce energy costs. A 
detailed or complete energy audit transcends traditional 
arbitrary organizational barriers to realize its full 
potential. The study can be conducted in—house, provided 
sufficient expertise is available. If external help is 
sought, it should never be considered as a substitute for 
internal effort, but rather as a supplement to the plant/ 
factory; or corporate energy management programme. In 
many instances, an outside consultant would be able to 
point put areas for improvement which a plant personnel 
would npt have noticed due to oversight or neglect. 

Quite pften, special energy audits are conducted to 
identify areas for improvement with a narrower scope. 
These a^e conducted based on certain priorities assigned 
by the management as areas requiring special emphasis. 
Some examples of such audits are; (1) withering trough 
study, (2) drier audits <3) electrical energy audit 
(4) diesel generator study, and (3) transport fleet 
system study. 

The danger with special energy studies, however, is that 
the area selected for study may not be the real problem, 
but only part of it. Enormous effort would often be spent 
in such studies in identifying symptoms rather than the 
cause of poor energy efficiency. Therefore, it is obvious 
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that special energy audits if required should t>e pin¬ 
pointed at the end of a complete energy audit, as part of 
recommendations. 

Energy auditing is a continuing effort to maintain a 
level of saving and to improve further when opportuni ties 
are identified. One cannot rest on past laurels. Unless 
the momentum is maintained, it would be easy to slip into 
lower levels of energy efficiency. Therefore, it is 
important to continue energy studies in the tea factories 
where a detailed energy audit has been conducted. It is 
normally recommended that at six-month intervals, an 
evaluation of progress against the initial recommenda¬ 
tions is made; also, new recommendations are developed 
that have been made viable as a result of changes in 
energy costs or availability, and changes in product—mix 
or process technology. 

Factory energy studies should never be considered on a 
one-time basis. The successful conduct of detailed 
energy audit, in itself, is a substantial economic 
incentive for continued emphasis. It may be necessary to 
develop internal resources to continue the effort in this 
regard. 


How to Start an Energy Audit 

Development of a data base is a very valuable activity in 
successful conduct of an energy audit. First, an 

attempt should be made to complete a table similar to 

"[" a kle 1 for fuel and energy used in a tea estate includ — 

i n 9 the tea factory for the last financial year. 

Table Is Quantity of purchased energy used and its cost, 
f or the last financial year 

Type of Units Quantity Mkca 1 Cost per Total 

Energy Used or hJ Unit of Cost 

Energy 

kl_ or 
tonne 


M cu.m 


MkWh 

Other 

Total 

Se1f—genera ted 
el ec tricity 


Liquid fuel 

- T.D.Oil 

- H.S.D.O 

- L.D.O 

Gaseous fuel 

Purchased 
electricity 
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Having completed the 'table, one is now aware of what is 
the cost of energy in the last financial year, how* much 
of it was used in total and by energy forms. A simple 
step like the one described above should be the beginning 
of an energy audit programme. The data would further be 
broken down by areas where energy is consumed, by equip¬ 
ment, by systems, etc. Even an inventory of energy 
consuming equipment (e.g., motors) with relevant energy 
data would be important in an energy audit. Specific 
energy consumption values, e.g., L.T.D. Oil/energy effi¬ 
ciency, mainly to set targets, identify reasons for 
variations and measures for correction. 

In all tea factories. Assistant Managers could be made 
the focal point during the conduct of an energy audit. 
They would essentially carry out the responsibility as 
energy coordinators, in addition to other responsibi¬ 
lities. Factory Managers would be responsible for 
providing leadership in the plant's energy conservation 
effort, and assume the overall responsibi1ity for energy 
conservation. 

Energy is a vital management function and this must be 
recognized by the top management. The top management is 
responsible for ensuring that appropriate plant studies 
are conducted, that the needed resources are provided, 
and that satisfactory sustained results are achieved. 

The other people resources would include advisors, 
touring engineers, head tea house babus (supervisors), 
operators, and others willing and capable to implement 
and sustain the final end actions that must be taken to 
save energy. As the worker and the supervisors are 
closest to the use of energy, it is not unusual for the 
most productive energy conservation ideas to come from 
this group- Their participation in an energy audit should 
be encouraged. 

Outside energy consultants, equipment vendors, and engi¬ 
neering and design firms would also play a part in energy 
audit depending on the energy audit requirements and the 
recommendations stemming from the energy audit. 


Instrumentation. Whether an energy audit is done with 
resources from within the organization or by an outside 
consultant, measuring and recording instruments would be 
needed. Both on-line and portable instruments are 
required depending on the quantity measured and the type 
of measurement. Proper and adequate instrumentation is 
vital for an energy audit, and it speeds the study and 
improves the accuracy of results. However, inadequate 
instrumentation should not be an excuse for not conduct¬ 
ing an energy audit. Often, experienced plant personnel, 
would be able to estimate energy flows from aggregate 
measured data and design data for plant equipment and 
systems. 


5 



Energy Records. Records o-f energy consumption, distri¬ 
bution and costs are very useful in the conduct of an 
energy audit. The more complete, thorough and accurate 
the records are, the more useful they become. Records 
should be available to evaluate seasonal variations and 
sustained trends. Here again, a lack of records should 
not be used as an excuse for deferring a plant energy 
study. One of the recommendations of good energy audit 
in such cases is to recommend a set of practical ways of 
initiating and maintaining a good energy record system. 


Conclusion 


Energy audit is a vital element in the entire energy 
management programme, which includes many managerial and 
operational activities and responsibilities. The energy 
audit process is essential to the implementation of a 
successful energy conservation programme in any organiza— 
t i on . 

An energy audit is not an end in itself. It does not 
save energy; it merely indicates areas with the greatest 
potential for energy (and monetary) savings, and there¬ 
fore, areas where further action needs to be concentrated. 
It also provides a starting point or a baseline from 
which progress on energy conservation can be measured. 


If an external consultant is appointed for energy audit, 
an intense interaction between plant personnel and the 
study team is essential for a proper understanding and 
a meaningful analysis of the plant's energy 
Without the active participation at all 
in energy use cannot be expected and 


1 eveIs, 
realized. 


options. 
savings 


90.02.01 


6 



Therma1 


Insulation 


* 


Whatever - form it comes in, energy is a precious 
these days with a value that cannot be measured 
alone. And no one in a factory is more acutely 
this fact than a factory manager who has been 
with the responsibility for energy efficiency. 


commodity 
by money 
aware of 
entrusted 


Some energy losses from systems and equipment in a 
factory cannot be prevented. But many losses can, and 
they need to be systematically tracked down and 
eliminated. A good case in point is the thermal systems/ 
equipment such as hot/cold ducting. 


Although bare lines carrying hot or cold fluids can still 
be found in factories today , they are the exception 
rather than the rule. No conscientious factory manager is 
likely to allow such conditions to last very long before 
action is taken in the way of insulation. 


But what about the less obvious situations represented by 
piping/ducting with insulation that has deteriorated or 
is inadequate by current standards? In either case, 
whether excessive heat is given out by a hot line or 
absorbed by a cold one, energy is needlessly wasted. 


The problem here lies in defining what an 'excessive' 
energy loss is, and that judgment is almost always drawn 
on economic lines. In this light, it is important to 
recognize the economics of energy use has been changing 
rapidly over the past few years. Pipe insulation that was 
considered completely adequate under yesterday's relaxed 
energy outlook may no longer be satisfactory in today's 
setting of curtailed energy supplies and escalating fuel 
prices. 

Factors such as these point to the need for a careful 
reassessment of the current state of insulated piping in 
the factory as well as the practices used in selecting, 
installing and maintaining duct insulation. The time is 
ripe for instituting a systematic programme of upgrading 
the condition of ducting to a level more in keeping with 
the priorities of an energy shortage economy- 


% Adapted from Industrial Pipe Insulation Materials - 
Part I and II, Active Conservation Techniques, Monthly 
Bulletein of Petroleum Conservation Research Associa¬ 
tion, September and October 1989. 

+ The energy study team from TER I found bare lines and 
inadequate insulation on the ducting for carrying hot 
air to the withering troughs in one or two factories in 
November 1989. 
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A System Perspective 

In any effort of this type, consideration should not be 
limited to just the thermal properties of the insulating 
material. For example, flanges and fitting in an other— 
wise well insulated ducting system are sometimes left 
bare in the belief that heat losses from these parts are 
too small to justify the expense of insulating them, and 
too much botheration when insulation has to be removed 
during maintenance. The fact is that the losses from such 
parts can be surprisingly large. 

For example, an insulated tee in an S—in steam line, for 
instance, can lose around 2300 kcal/h when the line is 
carrying steam at 100 psi<g) pressure. For a system that 
operates 7200 h/yr, the yearly loss is roughly equivalent 
to the heating value of 450 gallons of fuel oil. Suitable 
insulation that would prevent close to *?0 per cent of 
fhis loss could probably be installed at a cost well 
under one year's savings. A similar case can be made for 
other types of fittings and service conditions. 

Condition of the insulation is also an important factor. 
As the velocity of air moving across a heated surface 
increases, so does the heat loss from that surface. For 
properly insulated and sealed surfaces, this effect is 
very small. However, if the insulation has cracks and 
crevices through which the air may circulate, the heat 
* DSS can increase significantly. It is essential , there— 
that all hot-line insulation be tightly sealed, 
especially when it is used on pipes located outdoors. In 
the latter case, the insulation needs to be protected 
from the weather as well as being sealed against the 
infiltration of air. 


Focus cm Materials 


AI1 of the suggested 

good application practici 
cantiy to the integrity . 
piping system. But the ma: 
tion upgrading program mui 
materials to make Sure 11 
terms of economic criteria 
able energy cost level! 
"economic insulation thicl 
the sum of the costs of 
tion is at a minimum. 


measures are representative of 

that can contribute signifi¬ 
ed effectiveness of insulated 
in thrust of any serious insula- 
directed at the insulation 
ere adequate for the job in 
a based on current and predict— 
s. The object is to find the 
~ the thickness at which 
lost heat and installed insula- 


As a consequence of rising 
years, the economic pipe i 
been growing steadily and 
applications, has at least 
dramatically illustrated 


fuel costs over the last 10 
nsulation thickness value has 
for many industrial hotline 
doubled. Impact of this change 
with a hypothetical example. 
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In an insul latiDn of 100 ft of 1.5 — in. pipe, with an 
operating temperature of 120°C, ambient temperature 27°C, 
and a depreciation period of 20 years, the economic 
insulation thickness is 2 in. Ten years ago, this 
economic ipsulation thickness would have been 1 in. The 
amount of energy conserved per year by using the thicker 
insulation is 25.45x10 kcal, which results in a saving 
of Rs. 10,000 if coal is the fuel. 

Achieving such savings however, requires an understanding 
of the types and properties of available thermal pipe 
insulation materials, and a systematic approach to their 
selection. Basically, there are three major considera¬ 
tions that govern selection of these materials; operating 
temperature conditions, heat transmission characteristics, 
and installed cost. The first two are concerned with 
specific materials properties while third is an applica¬ 
tion factor that also has a direct bearing on economic 
thickness value. 


Operai:ing Temperature 

All insulation manufacturers categorize their materials 
by service temperature ranges. And there are a number of 
different materials on the market currently, offering a 
variety of choices that cover the full spectrum of 
industrial requirements from —230° to 1100°C and higher. 
An array of typical industrial pipe insulation materials 
is shown in Figure 1. 

It is interesting to note that many of the materials with 
maximum service temperatures of 425 C or less are also 
recommended for cold—piping applications funder 25 C). 
The same does not hold true for most of the elevated- 
temperature materials <650 C and above), which are 
recommended primarily for hot—line service f35 C and up). 
The most prominent exception is mineral wool. 


Heat Transmission 

The rate of heat transfer through an insulating material 
is dependent on the internal resistance of the material, 
the resistance at the pipe surface, and the difference in 
temperature between the pipe surface and the surrounding 
air. The internal resistance’of the material to heat 
flow, in turn, is directly proportional to its conducti¬ 
vity, k, sometimes cal)ed the k factor'. 

Thermal conductivity, k, is a specific property of a 
material, defined as the rate of heat transfer in a given 
direction (perpendicular to the face of the material) per 
unit thickness' per unit time per unit temperature 
difference^ per unit area. Its dimensions usually are 
J.cm/hr.m C. 


3 



Conductivity values vary with the mean temperature of 
insulation. If insulations of different manufacturers are 
being compared, this temperature effect should be kept in 
mind . 

Thermal conductivity, k, should not be confused with the 
overall rate of heat transfer coefficient 'U' which is 
defined as the quantity of heat transper per unit area 
per - unit time per degree difference in temperature. The 
coefficient U is dependent upon the shape and thickness 
of the insulating material and the surface resistance of 
the pipe; conductivity is not. 

The lowest conductivity values — greatest resistance to 
heat flow - are provided by urethane foam materials. Next 
lowest on the scale are the fibreglass materials, 
followed, in order of increasing conductivity value, by 
elastomers, cellular glass, and the elevated temperature 
materials. 


Installed Cost 

When insulation materials are being evaluated for their 
suitability in a given application, the only cost that 
counts is the final installed cost. Initial price of the 
materials is generally a poor criterion on which to base 
value judgments. It is not uncommon to find that a 
relatively expensive material actually has a lower in- 
place cost than a less expensive material because of 
differences in installation requirements. 


Properties of Insulation Materials 


Pipe insulations are furnished in various forms. R 
materials such as calcium silicate, cellular gl 
fiberglass, urethane foam, etc . , come in preformed s 
cylindrical sections or curved segments 3 to 4 ft 
length. Flexible materials such as the mineral wools 
foamed elastomers, as well as others, are provided 
blankets pref rabricated to fit the pipe size, 

addition, there are granular materials, such as Uint 
which is used primarily for the insulation of bu 
piping. 


igid 


pi it 
in 
and 
as 
In 
ate, 
r ied 


the rigid and flexible insulations are fitted around 
the pipe/duct; held in position with clamps. wire, or 
tape; and then locked in place with an outer cover or 
jacket, A variety of materials are used as pipe coverings, 
ranging from mastic coatings to coated paper and canvas 
to vinyl and PVC sheets to thin ( .01 £•- in. thick) 
aluminium, steel and stainless steel jackets. Sometimes 
covering is supplied with the insulation and may 
even be attached to it. In other cases, it may have to be 
purchased and applied separately. 
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A1 though some of these coverings provide an additional 
insulating effect f "their main "function is to protect the 
insulation "from damage. The metal jackets are, by "far, 
the most expensive coverings. They are always recommended 
"f Dr " outdoor piping, especially where severe weather 
conditions are encountered. The metal jackets are also 


used indoors as a measure for improving the fire- 
resistance rating of insulated piping systems. 


All of these factors — the type of insulation material 
sod covering, and the ways in which they are furnished 
and applied — have a direct bearing on the installed 
cost. Another important point concerns the availability 
of preformed elbow and fitting covers. If these are not 
available from the manufacturer, it would be advisable to 
find out what expense will be involved in custom 
fabricating these items. 


Pipe insulations are normally furnished in thickness 
ranging upwards from half in, in increments of 1 and 1/2 
in to a maximum of 4 in. Greater installed thicknesses 
are possible by using two or more material layers, and 
most insulations are available in nesting sizes designed 
to provide a snug fit for multipie—1ayer arrangements. 
This provision is especially helpful in energy conserva¬ 
tion efforts, since piping/ducting insulation can be 
readily upgraded t d current economic thickness levels by 
adding layers of material rather than tearing out and 
replacing existing insulation. 


The Final Choices 

Whether insulation is being selected for a new 
piping/ducting installation or as a part of an upgrading 
program for an existing insulated piping system, certain 
basic information must first be assembled. A good 
starting point is offered by the specifications checklist 
outlined below. With this data as a base of reference, 
selection of a suitable insulating material can usually 
be made by a process of elimination. A preliminary 
screening of available insulation materials can be 
carried out through a study of manufacturers' literature 
on their materials to narrow the range of choices to a 
few products. In this analysis, the basic criteria are 
the operating temperature and the thermal conductivity k. 
For hot-line applications, any material with a higher 
maximum service temperature can be used. However, as the 
graph of thermal conductivities indicates, the value of k 
tends to be less as the maximum temperature limit of the 
material decreases. 

After this preliminary screening, the selection 
possibilities that emerge can usually be further narrowed 
to a single material by a careful evaluation of 
insulation properties in terms of specific application 
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requirements and a comparison of installation costs "for 
the various materials as estimated by manufacturers or 
•from data supplied by them- Once this choice has been 
made, the only step remaining is to determine the 
economic material thickness. 


In this computation, the factors that need to be taken 
into account include present and future fuel costs, 
capital investment in plant and insulation, the cost of 
capital, amortization period, maintenance costs and hours 
of plant operation.. 


The economic insulation can be found through a systematic 
calculation process as given below: 


1. Calculate the cost of heat loss for a given length of 
pipe (say Z0 m) for a range of insulation thicknesses. 
This cost is determined by multiplying the total heat 
loss from the pipe (kcal/hr x number of operating 
hours per year) by the fuel cost (rupees per kcal of 
fuel heating value) and dividing by the combustion 
efficiency, remembering that the fuel cost used here 
must be a projected value reflecting the average fuel 
price over the economic life of the insulation. 

The insulation heat loss data needed for these 
calculations can usually be obtained from manufac¬ 
turer's literature. 


2- Calculate the installed cost of the insulation for the 
given length of pipe and divide by the amortization 
period (yr) , An allowance for insulation maintenance 
expenses and interest on the investment should be 
included in the installed cost value. 


3 ' fr ° r each insulation thickness, total the costs 

calculated in steps 1 and 2. When these total costs 
arc? tabulated in the order of increasing insulation 
thickness, a clear pattern will usually emerge: the 

total cost progressively decreases, reaches a minimum 
value and then begins to increase. The insulation 
thickness corresponding to the minimum total cost is 
the economic thickness. 


When thermal piping 
approached systematical 
maximum energy saving 
economic practices. 


insulation specifications are 
ly as outlined here, the result is 
s within the bounds of sound 
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Conclusion 


The areas at "the tea factories where thermal insulation 
is required are (1) Ducting for carrying hot air from 
burners to the withering trough, and (2) Ducting -for hot 
air to the driers. 

The energy study team -from TERI had -found that there is a 
need -for insulating, adding insulation and/or upgrading 
insulation in the above ducting. The cost—benefit 
analysis, and the economic thickness of insulation can 
easily be calculated. 

A rough estimate for energy savings due to proper insula¬ 
tion of the ducting is in the range of 5—10 per cent o^ 
fuel currently being burned in the four factories 
visited by the study team. 


* The tea factories visited were at Dekorai, Bargang, 
Monabarrie and Pertabghur. 
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M Array of typical industrial pipe insulation materials, which are 
identified in legend below 



LE6CM) 

1 FOAMED ELASTOMER 

2 MfttEJUL WD01 

2 NGtf) POLYURfFMANf 

4 MGC POinWfTHAAE 

5 CELLULAR 6LASS 

• FBER CLASS 

7 FLEXMLf POLTIMETHAME 
WITH A Win COVEMMG 

• aimM CLASS 
ft. WK CLASS 

10 MCTAUJC COVERM6 

11 CALCIUM SUCATI 


FfGUZE 1 


Approximate conductivity (k) values for typical industrial pipe 
insulation materials Plots for urethane foam, elastomer, and Uintate 
are based on manufacturer’s data All others were developed by 
Thermal Insulation Manufacturers Association. Mt Kisco. NY. from 
ASTM (Specification C-612) and ASHRAE data For k values and 
temperature limits of specific insulation materials applications, 
manufacturers should be consulted. 


SERVICE TEMPERATURE RANGES OF COMMONLY USED 
INDUSTRIAL PIPE INSULATION MATERIALS 



CALCIUM ALUMINA- 
FERRO SILICATE - 

CALCIUM SILICATE* 

CERAMIC FIBERS* 
(ALUMINA SILICA) 

CELLULAR GLASS 

FIBER GLASS 

FOAMED ELASTOMERS 

MINERAL WOOL 


UINTAITE 


URETHANE FOAM 
(FLEXIBLE) 

URETHANE FOAM 
(RIGID) 

*Hot line service only 






























THERMAL PIPE INSULATI ON SPECIFICATIONS CHECKLIST 

Insulation Materia1 
Requirements 
— Thermal Conductivity 
( k -f actor > 

— Strength 

- Chemical Resistance 
— Moisture Resistance 
— Weight (per m) 

Insulation Material Thickness 

Pips Surface Temperature 

-Maximum ( C) — Minimum (cm,) 

- Maximum Allowable (cm,) 


Duct Size 

— m 

Duct Length 

— m 

Service 

— Hot 
-Cold 


Ambient^Air Temperature 


<°C) 

(°C) 

<°C) 


-Maximum 
—Minimum 
— Mean 

Duty Cycli 

-hr/yr 


Location 

— Inside 

— Outside 

— Above Ground 


Covering 

— Standard 

(supplied by manufacturer) 

— Integral 

— Separate 

— special 

Fire Rating 

— Insulation 

— Cover 
Material Cost 


— Insulation 

— Cover 


Atmosphere 

—Corrosive 

(Corrosion Agent) 
—Wet 


— Vapour Barrier 

Installation Time 

— hr or days 

Installation Cost 

— Rs-/m 


Allowab1e Heat Loss 

(Or Heat Gain) Deliver Time 

—kcal or kJ/m — Days 


«? 
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Electrical Energy Conservation in Motors 

by 

S- Anand 


I n troduc tion 


Electric motors in industry constitute the single 
1 argest component o"f the electrical load and account "for 
about 72 per cent of the total electrical energy consumed 
by the industrial sector. Both AC - squirrel cage 
induction, slipring induction and synchronous —, and DC 
motors “find application in industry. Squirrel cage induc¬ 
tion motors are the most widely used because of their low 
cost, reliability o f operation and ruggedness. In a 
recent study conducted by TERI on industrial electric 
motors, it has been estimated that squirrel cage motors 
■form almost the entire load below the size of 20 hp and 
in fact, account for nearly 70 per cent of the entire 
motor load. Slipring, synchronous and DC motors are 
normally used in higher ratings and for specific applica¬ 
tions. It has also been estimated that in industries 
without electrolytic loads, motor electricity consumption 
accounts for 80 per cent of the total consumption. 


At the Macneil 1 and Magor tea factories, all the motors 
are three-phase squirrel cage induction motors and the 
motor load and the electricity consumed in these account 
for almost the entire connected electrical load and 
electrical energy consumption of the factories. For 
example, at the Pertabghur estate the total connected 
load is about 138*? kW of which domestic load accounts for 
about 28 per cent. The remaining load is almost entirely 
accounted for by motors used in various sections of the 
factory. Lighting load forms a small percentage of the 
total load and an even lesser portion of the electricity 
consumption since lighting is not normally used during 
daytime. 

In view of these facts, the importance of energy 
conservation in motors cannot be understated. 


Motor Selection and ApplActions Electric motors are used 
to provide motive power to equipment such as compressors, 
pumps, blowers and a variety of diverse equipment which 

find application in industry. It is important that the 
industrial user define his need accurately to enable 
proper selection of motor for a particular application. 

When selecting a motor for any application, the following 
points should be considered. 

1. Process requirements; general, automatic/non—automatic 
control, variable speed 

2. Type of motor and starter 

3. Electrical system requirement 

4. Availability, reliability and maintenance 
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It is frequently observed that motors of rating higher 
than that required for the application are used. There 
are several reasons for this. Original equipment manu — 
faturers tend to keep a large safety factor in selecting 
the motor, which results in underloading of the motor. 
Underloading of the motor may also occur as a result of 
under utilization of the equipment. For example, an 
equipment manufacturer would provide for a motor which 
can take up the load when the equipment is utilized to 
its full capacity; the user may not utilize this capacity 
thus leading to underloading. 

Before going into some of the aspects of motor perfor¬ 
mance and means of reducing motor electricity consumption, 
a brief review of the factors affecting motor performance 
are given below. 


Factors Affecting Motor Performance. The efficiency of 
electric motor is the ratio of the mechanical energy 
delivered at the rotating shaft to the electrical energy 
input at its terminals. The efficiency with which this 
transformation takes place is determined by intrinsic 
losses occurring within the motor; these losses can be 
reduced only by changes in the motor design. 


Figure 1 shows the typical variation of efficiency, power 
factor and input current with load for an induction 
motor. Part load performance characteristics depend on 
motor design and vary from motor to motor. For operating 
loads xn the range of 50-100 per cent of rated load, the 
e ficiency reduction is not very significant but the 

k C ^ dr ° PS cons iderably. On further reducing the 
load, both power factor and efficiency decrease and the 
effect is drastic at very low loads. 


m ° tDr 105555 can be categorized in two groups - 
load 1 losse55 . and load or variable losses. No- 

motor term implies, occur even when the 

entire load ^ * re rela tively constant over the 

o? mlnn ? ran9B ‘ The fixed losses in a motor comprise 

Llad 9 ?o C ° re lDSSBS and fiction and windage looses, 

stator ? 3 R ?„J ary “i th mDtor »“«* and Consist of 

Figure 2 ! r0t0r 1 R losses and stray load losses, 

losses „it “ d variation of the different types of 


Magnetic 
current 
magnetic 
depend 
physical 
by frict 
loss of 
These 1 
range. 


1 J 55es or losses consist of eddy 

sIrucJure Br 1h 5 losses in the stator and rotor 

on thi V arB indB P BndBnt of the load and 

on the voltage, core steel material and its 

ion°in the £ rac ^ iDn and windage losses are caused 

thi f ri09 J ° m ° tor and th * windage 

osse^ a re T 1Dn ° ther rotating parts. 

are also constant over the entire load 


2 



FIGURE 1 



TYPICAL PERFORMANCE CURVES FOR OESIGN 0. 

TO-HP. 1BOORPM. 22t>V. THREE-PHASE. «O HZ INDUCTION MOTOR 


Source: Arthur O Little, Inc, t Energy Efficiency and Electric Motors 
prepared for- Federal Energy Adninistration, Washington, D.C. , 
1976. 


FIGURE 2 
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XYMCAL loao vs. loss curve for design •. 

SO-MP. 1 BOO RPM INDUCTION MOTOR 


Source: 


Arthur O Little, Inc. , Energy Efficiency and Electric 
Mo t ors prepared for Federa 1 Energy Adni n i s t ra t i on * 
wasmngton, O.C. , 1976. 
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Copper losses (I^R losses) are caused by currents flowing 
through a resistive path and are a "function o"f the square 
of the current- Stray load losses are residual losses 
arising "from a number of elements and are difficult to 
either measure directly or calculate- They are propor¬ 
tional to the square o"f the rotor current- The "factors 
that affect different types of losses in an induction 
motor are given in Table 1- 

Motor performance is also affected considerably by 
service conditions such as voltage and frequency, and 
voltage unbalance across the three phases. Voltage 
unbalance can be more detrimental to motor performance 
and motor life than voltage variation. 

Another factor affecting efficiency is the practice of 
rewinding of burned—out motors. Through proper rewinding, 
motor efficiency can sometimes be maintained at previous 
levels- However, in a majority of instances, poor work¬ 
manship and poor rewinding practices result in loss in 
efficiency. 

Energy Conservation in Motors- Electricity consumption in 
motors can be reduced by operational improvements and 
retrofit improvements. 

Operational Improvements 

“ operate at rated voltage and balanced supply 

— improve controls 

- regular maintenance 

- improved cooling 

Retrofit Improvements 

— Re Placing oversized motors by motors of lower rating 

— ^placing old and inefficient by new motors 
Replacing exising motors by energy efficient motors 

- Use of proper controls, variable speed drives 

Perhaps the most significant savings in motor electricity 
could be affected by proper selection of type and rating 

of motor. Underloading of motors has several disadvan¬ 
tages, such as: 


— Lower motor efficiency 

— Poor power factor 

— Higher first cost of motor and control 


gear 


It has been 
motors of high 
loads where 
torque, but 
suitable. 


often observed that in 
ratings are selected to 
special motors designed f 
of lower rating, would 


many industries, 
drive high inertia 
or high starting 
have been more 
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Table 1 Factors Affecting Losses in an Induction Hotor 
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For applications which have varying load patterns, it: is 
not advisable to select a motor based only on the highest 
load to be taken by it- Instead, an optimum rating of 
motor may be selected based on the loading cycle and the 
time for which the motor has to operate at each load 
during the cycle. The optimum rating in such cases is the 
equivalent steady—state rating which would result in a 
temperature rise equal to that of the defined load cycle. 
The optimum rating may be calculated using the relations 


hp 


/ n 

/ 23 

/ 1=1 


\/ 


< l"»Pi 


2 


x 


ti> 


^e 


where, tj_ is the cycle time for which the motor operates 
at a load of hpj , and T e is the effective cooling time 
for the entire load cycle; which is equal to t^ for 
running periods of the motor, and equal to one—fourth of 
ti for the time the motor is not operating during the 
cycle (Since there is not effective cooling during the 
motor off—time). However, this method of motor selection, 
for varying load applications, is not suitable for 
applications requiring frequent starting or reversing or 
for high inertia loads. It might be possible in many 
instances to select a motor of a slightly lower rating 
and operate at overload for a very short period of time 
(without exceeding the thermal capacity of the motor 
insulation), instead of selecting a motor of high rating 
to operate at full load for a short duration. This method 
calculating the motor rating, however, is not suitable 
for motors subjected to frequent starts/stops and for 
motors operating high inertia loads. 


* it is normally quite 


Under operating conditions, however 

^leu 11 to ascertain the load on the motor to decide 
whether or not motor is underload. The load on the motor 
can be determined only by measuring input parameters such 
,P Dwer * current, voltage, speed and frequency, under 
both; load and no-load conditions. It is not advisable 
to determine the load on the motor based on the motor 
load current alone since this could lead to misleading 
results. Figure 3 shows the variation in motor current 
for varying load for a typical 18 kW (25-hp) motor. It 
can be seen from the figure, that at a load current of 60 
pe JT cent * the output is only about 42 per cent of the 
rated value. Therefore, it is important to have adequate 
instrumentation to be able to conduct tests on motors to 
etermine the operating load, operating efficiency and 
operating power factor. 
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FIGURE 3 


Output Vs. Load current 
18 kW induction motor 



Per cent Load current 

□ efficiency 
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Based on the results of such tests it could be determined 
i-f the motor could be replaced by a new motor < of the 
same rating) which would operate at a higher efficiency f 
or by a motor of lower rating which would operate ns t an 
improved load factor f and consequently at improved effi¬ 
ciency and power "factor. An improvement in the efficiency 
by even a "few percentage points could result in signi*fi 
cant savings depending upon the operating hours and the 
tariff structure. Lower input results not only in lower 
energy charges but also in lower demand charges due to 
reduced kVA demand. 

For ex ample, consider the replacement of a 11 kW (15-hp) 
motor operating at 100 per cent load and at an efficiency 
of B5 per cent and at a power factor of 0.8, by a new 
motor (also of 11 kW); 


Existing Motor 

Motor Rating 11 kW 

Operating Efficiency 85 7. 

Operating Power Factor 0.8 

Replace by New 11 kW Motor 

Operating Efficiency 8*? 7. 

Operating Power Factor 0.85 

Annual Savings in Electricity 

Annual Savings in Demand 

Annual Savings in Energy Charges 

Annual Savings in Demand Charges 

Total Annual Savings 

Cost of New Motor (Apprx.) 

Salvage Value of Old Motor 

Net Investment 

Simple Payback Period 


4£»50 kWh 


20 kVA 


4€>50 + 

Rs. 

1200 + 

Rs . 

5850 

Rs. 

11000 

Rs . 

2750 

Rs. 

B250 

Rs . 


1.4 years 


Similarly by replacing an oversized motor by a motor of 
lower rating, considerable savings in motor electricity 
consumption could be effected. 


* Based on annual operation for 8000 hours 

Based on a tariff of Re. 1/kWh and at a demand charge of 
Rs. 60/kVA. 


8 




Energy Efficient Motors: Energy efficient motors are 
motors having higher efficiencies, which can be obtained 
by incorporating design improvements to reduce intrinsic 
motor losses- Motor losses can be reduced by taking 
several measures such as, using low—loss steel, increas¬ 
ing the active material by incorporating a longer core 
length, using thinner laminations, reducing the aii gap 
between stator and rotor, using copper bars in the rotor 
instead of aluminium, by using superior bearings and a 
smaller fan, etc- As a result of these modifications, 
costs of energy efficient motors are also higher than 
-those for standard motors. 


Energy efficient motors are now available in the country 
which have efficiencies higher by 3—4 per cent over those 
for standard motors. The power factor is also higher and 
a further advantage is a fairly flat performance charac¬ 
teristic over a wide range of load (typically 30-100 per 
cent). These motors cost about 30 per cent more than 
equivalent standard motors- Even so, the savings which 
could be achieved at such improved efficiencies justifes 
the additional expenditure incurred on the motor. The 
economics, however, depend on the operating hours and the 
electricity tariff. Usually, motors operating for less 
than 2000 hours/annum are not good candidates for 
replacement by energy efficient motors. 


The selection of energy-efficient motors should be based 
on several factors in addition to those considered for 
selection of a standard motor* 


1 Electric power-saving and life-cycle cost 
to standard motors 


comparison 


2 . 


Improved ability to perform under adverse c 
such as abnormal voltage (Generally, the 
efficient motors have superior performance 
ristics under abnormal voltage conditions.) 


onditions 
energy— 
c harac te— 


3. Lower operating temperature 


4. Noise level 


5. Ability 
standard 


to accelerate higher- 
motors 


■inertia loads 


than 


6. Higher operating efficiencies a 

all loads, the energy-efficient 

opportunity for energy savings,) 

Energy-efficient motors are however, 
following types of loads: 


all load points (At 

motor presents the 

not suitable for the 


- Multispeed 

— Frequent starts and stops 

— Very high—inertia loads 

- Low-speed motors (below 7Z0 


rpm) 
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In the tea -factories, energy efficient motors could be 
used for all applications such as fans, blowers and CTC/ 

■ rolling table machines. 

Power factor corrections Induction motors inherently 
operate at lagging power factor due to the magnetizing 
current drawn by the motor (which is essential for the 
creation of the magnetic field to transfer power from the 
stator to the rotor). The use of capacitors to improve 
the power factor has several advantages such as, 

— reduced kVA demand, thereby reducing demand charges 

2 

— reduced I R losses in cables, thereby reducing energy 
charges 

— reduced voltage drop, leading to improved voltage 
regulation 

— a resultant increase in overall system efficiency 

The rating of capacitor required for a particular motor 
depends upon the no-load kVAR requirement of the motor, 
which can be determined only by conducting no—load tests 
on the motor. It is recommended that the capacitor kVAR 
should not exceed about *70 per cent of the no-load kVAR 
of the motor. Alternatively, a safe value of capacitor 
may be installed depending upon the motor rating. Table 2 
gives the recommended value of capacitor to be used for 
standard motors with different number of poles. 

Since a reduction in line current, and the resultant 
improvements, are reflected backwards from the point of 
application to the generator, the maximum benefit from 
power factor correction can be achieved if the capacitor 
is connected across the motor terminals. 

it should be ensured that capacitors of higher ratings 
than those required are not installed since this could 
result in over voltages which could cause the motor to 
burn-out. Adequate protection should also be provided for 
the capacitor to discharge when it is switched off. 

However, the installation of capacitors at individual 
motor terminals would be subject to the economics of 
iilow rating capacitors, and the savings that 
could be achieved by their installation. At the Macneill 
and Magor tea estates, however, the economic benefit may 
not be significant since ASEB has a one—part tariff based 
y or* the energy consumption and demand charges are not 
1evled. Therefore, monetary savings would be achieved 
main ly through reduction of line losses in cables and 
improved voltage regulation. 
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TABLE 2 


power Capacitor Ratings (Nominal) for Direct Connection 

Induction Motors 



Capacitor 

kVAR at Motor Speed of: 


Motor 

3000 

1500 

iooo 

750 

600 

500 

hp 

r pm 

r pm 

r pm 

r pm 

r pm 

r pm 

5 

-—» 


2 

3 

3 

3 

7.5 


'“1 

JU 

3 

3 

4 

4 

io 

3 

3 

4 

5 

5 

6 

15 

3 

4 

5 

7 

7 

7 

20 

5 

6 

”7 

8 

9 

IO 

25 

6 

7 

0 

9 

9 

12 

30 

7 

a 

9 

IO 

IO 

15 

40 

9 

io 

12 

15 

16 

20 

50 

IO 

12 

15 

18 

20 

22 

60 

12 

14 

15 

20 

22 

25 

75 

15 

16 

20 


25 

30 

ICO 

20 


25 

26 

32 

35 

125 

25 

26 

30 

32 

35 

40 

150 

30 

32 

35 

40 

45 ' 

50 

200 

40 

45 

45 

50 

55 

60 

250 

43 

50 

50 

60 

65 

70 

Note : 

The values 

m the above table 

are based on av 

= raqe 


c onditions 

and efficiency to 

ma i n t a 

in a P - f 

of 


0.95 to O . 

97 betwes 

n 33.3 to 1 

25 per 

cent of 

r 3ted 


load and is applicable to motors of 220, 400/ J 40, & 

3300 volts, 50 Hr. 
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Other options for reducing motor electricity consumption 

Use of multispeed motors- Multispeed motors are of two 
types (i) single winding, and {ii) double winding. The 
former- has a stator winding which can be connected to 
give two different speeds having a ratio of 2:1. The two 
winding motor has two separate stator windings, so that 
two different synchronous speeds can be obtained. With a 
change in connection therefore, four different speeds can 
be obtained with a two winding motor . Multispeed variable 
torque motors have a horsepower rating proportional to 
the square of the speed, i.e., the horsepower rating 
decreases with the square of the speed. Such a motor 
would be suitable for applications such as blowers for 
withering troughs where the aii—flow requirement changes 
over a period of time with the wither. 

Use of delta—star changeover switch- Delta—star change¬ 
over switches make use of the fact that at lower loads, 
the motor has better performance charac ter istics in star 
connection as compared to that in delta connection. As 
the load reduces below about 50 per cent of rated load, 
the stator winding is reconnected in star. This leads to 
better performance at low loads. It might be possible to 
use such changeover switches for rolling table machine 
motors where the load reduces over a period of time. 
However, its use could be decided upon only after ascer¬ 
taining the characteristics of the load on the motor over 
a period of time. 


Use of flat belts for transmission drives- Transmission 
drives such as pulleys and belts, and gears transmit 
mechanical rotational power from the prime mover shaft to 
the shaft connected to the mechanical load such as a 
machine, blower or a fan- The simplest form of transmis — 
5 i° n drive is the belt drive which is least expensive, 
11 9 b t and quiet in operation. The belt drive transmits 
power solely by the frictional grip between the belt(s) 
and the pulley. The belts consist of tension strands 
which serve to absorb the tractional forces operating in 
the belts, which are covered with an elastomer. The 
Elastomer holds the strands together and provides surface 
friction for power transmission. 


In many conventional belt drive systems, V—belts are 
normally used. New materials have made possible the 
manufacture of flat belts with better performance charac¬ 


teristics. Unlike the V-belt that 
lateral frictional forces, the flat 
the tangential forces. This reduces 


develops additi 
belt develops 
the stress on 


onal 

only 

the 


^ f 1 a t) belt and results in lower heat generation due to 
lower lateral compression and elongation- Moreover, the 
flat belt is free from the effect of heating at the edges 
tbat results in hardening of rubber and reduction in the 
frictional grip- 
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Due to the higher transmission efficiency of flat belts, 
savings in the range of 5-12 per cent can be achieved in 
the motor input power (10-12 per cent savings have been 
achieved in industries where flat-belts have been used) 
The payback period is normally less than one year. 


Maintenance 


A large number of equipment and processes in industries 
are dependent on the electric motor for their operation. 
It is, therefore, essential that motors be properly 
operated and maintained to ensure reliable and efficient 
operation. Motor losses increase significantly without 
proper maintenance. For example, improper lubrication 
can cause increased friction in both the motor and 
associated drive transmission equipment; the electrical 
resistance of conductors increases with temperature which 
results in increased copper losses in the motor. By 
providing adequate ventilation and by keeping motor 
cooling ducts clean, heat can be effectively dissipated 
thereby reducing losses and also increase the life of 
insulation (for every 10 D C increase in motor operating 
temperature over the recommended hot spot temperature 
limit, life of the winding is reduced by half). 


The list below shows some of the important items that 
should be checked regularly to ensure proper motor 
operation: 


— Inspect motors regularly (at least annually) to detect 
wear in bearings, housings, and for dirt and dust in 
motor ventilating ducts 


- Check load condition to ensure that the motor is not 

over or underloaded. A change in motor load from the 
last test indicates a change in the driven load, the 
cause of which should be identified and corrective 
action taken as needed. Load tests can be conducted 
at the time of normal motor inspection or on a conti¬ 
nuous basis if permanent instrumentation is installed. 


— Take extra care in lubrication. Motors should be 
lubricated in accordance with the manufacturer s 
recommendations, but care should be exercised not to 
over — 1 ubr i c ate . Excess oil or grease from the motor 
bearings can enter the motor and saturate the motor 
insulation, causing premature failure and a possible 
fire. 


. — Watch alignment. Check periodically for proper align¬ 
ment of the motor and the driven equipment. Improper 
al ignment can cause shafts and bearings to wear 
quickly, resulting in damage to both the motor and the 
driven equipment. 
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o Topics 

— Energy consumption monitoring & recording 

— Data analysis 

— Reporting 

— Target setting 

— Energy conservation measures 

. Technical and cost factors 
. Planning and implementation 

— Housekeeping measures 

— Maintenance of major equipment and its importance 

— Techno-economic analysis of encon measures 

— National energy scene and policy issues 
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jbricant Technology 



urvey-Based Lubrication Program 
nproves Machinery Performance 

GREENE. W. R. FORD AND E.M. KIPP 


'he potential for cost reductions achievable through 
a well-designed and implemented machinery 
rication program is often not apparent and usually 
isiderably greater than realized by corporate 
nagement. Too often, the appropriate selection and 
imum use of lubricants are assumed to be a rather 
pie, insignificant procedure by company officials. 

, common result of this low corporate esteem is that 
iy plants do not make the effort to reliably document 
performance of lubricants. Consequently, impor- 
I factors such as specific numbers and lengths of 
cheduled machine downtimes; cost of replacing 
?d or damaged parts, including lower production 
ability; and causes of failure (about 50%^of all 
iponent failures are premature and lubricant 
ted) are ignored. 

ven more regrettably, operating problems directly 
ted to inadequate lubrication are unrecognized 
eventually become accepted as normal operating 
:edures. On the other hand, a well designed and 
lemented, scientifically based lubrication program 
Is to awareness of inadequate machine element 
igns and other maintenance deficiencies not 
ctly related to the lubricant involved, and creates a 
itive impact on corporate profits. 

ajor developments are rapidly occuring in the 
mistry and physics of lubricants. New methods for 
ieving major improvements in antiwear and load¬ 
ring capabilities of materials used for the 
lufacture of gears, bearings and other machinery 
lents are becoming more available. A plant 
ication engineering program unaware of the 
mtial interactions between improved tribological 
>erties of machine elements and the selection and 
>er use of lubricants does not attain maximum 
Its. 

any plants still use too mary lubricants, often 
'operly, than necessary for optimum performance, 
idardization, reduction in number, and improved 
ication are urgent objectives of an advanced plant 
ication program. Technologies developed by 
cant suppliers and additive manufacturers in the 
amnance capabilities of their products make it 
ible to lubricate 95% of a large and diverse plant 
less than six general types. 


In addition to identifying the minimum number and 
types of lubricants required for optimum costs, an 
effective plant program should address three problems: 
quality assurance testing, maintenance of lubricants in 
tha^as-new condition in instances where they are 
circulated and reused, and practices required for 
compliance with ERA and other constrainsts. 

Solutions to these problems may require effective 
filtration systems or related maintenance techniques, 
lubricant sampling and analysis programs, and 
implementation of procedures to discover probable 
reasons for failure in various machine elements. It is 
also important that a lubrication engineering program, 
supported by appropriate corporate staff resources, 
provide periodic training workshops. 

Plant Lubrication Survey 

Planning and implementing the initial survey are 
major factors in determining the quality of the final 
lubrication schedules and the success of the plant 
program. A minimum lubrication survey should 
investigate several factors: 

• Identify equipment and component parts requiring 
lubrication: the specific location of each machine: and 
the model, serial number, function, manufacturer, 
operating instructions, and limitations. 

• Obtain similar information for eachsubcomponent 
of the machine, such as drive motors, gears, couplings 
and bearings. 

• Examine the lubricant recommendations made by 
the machine or parts manufacturer, and supporting 
documentation for these selections. 

• Determine the lubricants currently used. 

• List the schedules in effect for each lubrication 
point, including frequency, quantity applied and 
sampling schedules; provide similar information for all 
machine components. 

• Identify the nature of each lubrication point, and 
whether circulating systems are fed from central 
storage tanks or individual machine sumps, or grease 
fittings; and whether manual, semi-automatic, or 
automatic equipment is used. Operating characteristics 
of the lubrication systems encountered should be 
determined. 


Ive Conservation Techniques 

thly Bulletin of Petroleum Conservation Research Association, 
Delhi, October 1088 
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Make a detailed visual inspection of each machine 
id its components for indications of problems such 
; leakage, excessive noise, high temperature, 
sration, and loose, damaged, or missing parts. 

Record information relating to the adequacy of the 
achine to perform its intended functions. 

An effective approach for conducting the initial 
aricant survey is to start at one end of the plant and 
>ve to the other, floor by floor, starting from the 
sement. When surveying an individual machine, 
irt at the power source and follow through each 
wer train identifying the couplings, reducers, and 
arings. 

tablishing Lubrication Schedules 

Current lubrication schedules discovered in the 
ial plant survey should be reviewed, including type, 
ount, and intervals for each point. Then determine 
ather it is the best lubricant for the job, and if its 
ility is commensurate with the overall objectives of 
ucing the total number of products needed for 
erior performance. 

he next step is to conduct a detailed review of each 
:hine to consider whether the equipment is 
quate for the intended function, the machine 
igner has provided for optimized lubrication, and 
ropriate access to the elements is available. New 
ipment lubrication specification should be under- 
•d prior to the equipment’s installation. 

perating records such as frequency of scheduled 
unscheduled downtimes and the reasons for each 
down are important documents in preparing the 
lubrication schedule. Maintenance methods used 


for all lubricants other than "once through” types 
should be gathered. Lubrication records should be 
prepared to document type of filtration, total quantities 
consumed per unit of time, and scheduled samplings 
for laboratory tests designed to detect excessive wear, 
contamination, and additive depletion. 

The new standard plan* survey should also provide 
for period.c checking of the quality of lubricant 
shipments, and for changes in storing, handling, 
dispensing, and applying practices. Good housekeep¬ 
ing procedures in the storage area are an excellent 
investment because machine operational problems are 
often caused by use of the wrong lubricant, 
contamination between stored products, and using 
improperly cleaned transfer equipment. 

Survey information serves as the basis for selecting 
the minimum number and types of lubricants required 
in the plant. The new survey reflects the feasibility of 
reducing the number of products used by employing 
improved multifunctional lubricants, and designing an 
appropriate schedule for each machine and its 
elements. 

Major advances in the formulation and manufacture 
of lubricants make it possible to substantially reduce 
the number of lubricants needed to provide high 
quality sen/ice of all machinery and component 
elements. For example, Reynolds Metals Co. uses just 
five groups'of standard machinery lubricants to handle 
95% of its needs; specialty products handle the other 
5%. A fully implemented lubrication programe often 
reduces the plant's annual repair and maintenance 
costs 5 to 20%. 

(Courtesy: Plant Engineering. June 23. 1988. pp 52-53) 


How to Cut Domestic Electrical Energy Cost; 

A lot of energy is used in our homes. Very often we use 
more than we really need to, sometimes unwittingly. Some 
of the energy is wasted. Here are some tips for saving 
electricity in homes. 

1. Awareness 

Each member of the household should be aware of the 
need to conserve electricity and avoid waste. If any 
1 ight/f an/a.c ./appl iance/equipment is not required, it 
should immediately be turned off. Excessive use of 
artificial lighting should also be avoided. As far as 
possible^ day 1 ighting ' and natural ventilation and air 
circulation should be used. These simple measures, 
which are normally neglected, would save considerable 
quantity of electricity. 

2. Lighting 

As far as possible, fluorescent (FL) lamps should be 
used in various rooms in the house. The fittings used 
must be of good quality (known name brands are 
preferred). 

If low voltage is a problem, FL lamps should be 
supplemented by incandescent lamps of sufficient 
wattage. Outdoor lighting should preferably be from 
FL lamps. 

3. Appliances 

(i) The refrigerator is the biggest energy consumer 
in your kitchen. It is also the biggest energy 
consumer in your whole home if you do not have an 
air—conditioner. 

Unlike other appliances, the refrigerator 
operates automatically 24 hours a day, every day, 
to keep your food at the right temperature. So 
it is important to make sure your refrigerator is 
working efficiently. 

Right Capacity. Select the right capacity refri¬ 
gerator for the size of your family. You should 
also consider your marketing habits, how often 
you go to the market and the amount of food you 
store. As a guide, allow at least 60 litres for 
the first 2 members of your household and 30 

litres for each additional person. 

• 

Defrosting. Regular defrosting is necessary to 
keep the refrigerator at optimum efficiency. Do 
not allow more than 6 mm of ice to build up in 
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s 


your f reezer. Before buying 
compare the energy rating o-f 
choose "the most economical 
refrigerators usually consume 
not require defrosting. 


new refrigerator, 
various models and 
one. Frost—-free 

more energy but do 


Thermostat Setting. Adjust the thermostat 

setting recommended by the manufacturer. 

set the temperature lower than needed, 
cooling wastes energy. 


to the 

Do not 

Over— 


Door Fit. Check the refrigerator door gaskets and 
hinges -for leaks. The gasket is the strip o-f 
-flexible plastic or rubber which seals the crack 
between the door and the compartment when the 
door is shut. To test -for leaks in the gasket, 
place new rupee note between the door and the 
cabinet. Close the door and pull at the rupee 
note. You should -feel a slight resistance. Test 
all round the door. I -f there are places where 
the rupee slides out easily, adjust the hinges, 
replace the gasket or do both. A -faulty gasket 
wastes energy. 


Keep the door closed. Think o-f what 

before opening the refrigerator door, 
open the door, close it quickly to 
air in and the warm air out. Each 
the door, warm air gets into the r 
this must be cooled. It requires 

it . 


you 

When 


need 

you 


Adjust Legs, 
refrigerator 
that the door 


Make sure the -front 

are higher than the 

closes automatically 


keep 

the 

col d 

t ime 

you 

open 

frlgerator 

and 

nergy 

to 

coo 1 

legs 

o^f 

the 

rear 

ones 

so 

when 

rel ea 

sed . 


Ventilation. Position your refrigerator in a 
wel 1—venti1ated place with enough space from the 
walls to allow for free circulation of air around 
the condenser coils. A space of at least 150 mm 
between the condenser coils and the wall should 
be allowed. Insufficient ventilation will cause 
the condenser coils to overheat and overload the 
compressor. 


Keep condenser coils clean. Keep the condenser 
coils at the back of your refrigerator clean and 
"f r ee from dust, lint and grease. These act as 
insulators and prevent heat from escaping to the 
surrounding air. If the coils are dirty, more 
energy is required to maintain the same tempera— 
ture inside the refrigerator. Clean the condenser 
coils at least once a year with a cloth or a soft 
brush. 
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Food Arrangement- 
rator compartment 
that air can ci 
efficiency, keep y 


Arrange "foods in the refrige- 
with space between items so 
rculate "freely. For greatest 
our refrigerator wel1—stocked. 


For the freezer compartment, stack items tightly. 

empty spaces with bags of ice, if necessary. 


Cool down hot food. Allow hot foods or liquids 
to cool before storing them in the refrigerator. 


Covering Contents. Liquids should always be 
covered when stored in the refrigerator compart¬ 
ment, otherwise they add to the humidity and 
the compressor has to work longer. Covering 
foods and liquids is also more hygenic and helps 
seal in the flavour. 


During Vacation. If you are away from home for a 
few days, switch off the refrigerator. Clean the 
interior and leave all doors slightly open. The 
larger your refrigerator, the greater your energy 
saving will be. 


Many of these ideas will cost you nothing. Some will 
cost you only a few rupees. But they all will cut down 
on the energy you use and save your money, without your 
having to sacrifice any of the comforts you are used to. 


<ii) Air conditioners 

Air conditioners are highly energy intensive. 
Therefore, proper selection of air conditioners 
with higher energy—efficiency in mind is a must. 
Each room should have enough capacity of air— 
conditioning, so that air conditioners operate on 
an on/off mode. 

Filters must be cleaned regularly <once a month 
recommended) and the condenser and evaporator 
coils cleaned once a year. Thermostat must be 
set at the highest comfort temperature (between 
25-28°C in the room) to save electricity. It 
would be advisable to turn the air conditioner on 
only when the room is used, and turn it off soon 
after the last person leaves the room. There is 
practically little benefit in turning air 
conditioners on much before a room is used. 

(iii) Toasters, ovens, blenders, water heaters and irons 

It is advisable to use only 1SI— marked appliances 
when available. All plugs and plug points should 
be of high quality (ISI marked) so that loose 
contacts and burn outs can be avoided. Loose 
contacts lead to heat generation and dissipation, 
which results in higher energy consumption. 


3 



( iv) Fans 


Proper selection of size of "fan "for each room is 
important to ensure sufficient air circulation. 
There is very little difference in energy 
consumption for various sizes of fan. 

Electronic regulators should be used to save 
electricity at low and intermediate speed 
operation. With such regulators up to 20 per 
cent saving in electricity is possible. Morevoer, 
speed regulation is much smoother than with the 
conventional regulators. 
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Corporate 3nd Enterprise—Level Energy Management 

by 

V.S. Kothari* 

WHY ENERGY MANAGEMENT ? 

Energy is a vital input to industrial production. The 
high levels of energy use in Indian Industry compared to 
other countries, the increasing problems of energy 
unavailability, and the rising costs of energy point to 
the use of energy management at the enterprise level as a 
sound strategy to reduce costs, improve productivity, and 
increase profitability, -In most cases, energy management 
can lead to 15—20 per cent savings in the short— and 
medium-term with low requirements of capital investments. 
These savings can generally be achieved irrespective of 
the size of the organization and the manufacturing 
activity it is engaged in. 

This paper describes the approach and considerations that 
go into developing a programme for rational use of energy 
at the enterprise level. Broadly, this comprises four 
phases: 

— Establishing a management structure for energy management 

— Initiating energy management activities 

— Managing the programme once it is under way 

— Maintaining energy management activities permanently 


ORGANIZING ENERGY MANAGEMENT 


The most essential requirement for a successful energy 
management programme is the commitment and dedication of 
the top management. They must be totally convinced of 
the need and benefits of energy management. They must be 
willing to provide the resources, both personnel and 
capital - They must visibly demonstrate and communicate 
their commitment to the employees of the enterprise. 


Once a corporate decision has been made to 
energy management programme, a special 
structure within the company's organizational 
needs to be created in view of the special rol 
as a common input across different divisions. 


start an 
management 
framework 
e of energy 
departments 


and sections. 


* Formerly with TERI, Currently at Isotem Services Private 
Limited, New Delhi. Original paper has been modified to 
suit Macneill and Magor's requirements. 
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The -first, step in this process is the appointment o-f a 
corporate energy manager in Macneil1 & Magor Limited, 

The person appointed to this post should be a senior 
manager and should report directly to top management. 
This also serves to demonstrate to all employees the 
importance attached to energy management. This position 
requires full-time attention. The person appointed as 
corporate energy manager must be knowledgeable about all 
aspects of the company's operations and energy usage, 
committed to energy management, influential and assertive. 

Though the appointment of a corporate energy manager is 
preferred, as an alternate to appointing a corporate 
energy manager, the Company could entrust the coordina¬ 
tion of energy management programmes to a strong 
engineering department at their corporate office. The 
two touring engineers could be included in the coordina¬ 
tion activities. 

In all tea estates, the Factory Managers should be made 
the principal coordinators of energy conservation 
programmes- At the tea factories. Assistant Managers 
should be made the focal point of energy management 
activities. The Factory Manager at an estate would be 
primarily responsible for providing leadership in the 
energy conservation efforts at an estate. 

A useful practice is for the energy managers/coordinators 
to be assisted by a committee consisting of advisors, 
touring engineers, head tea house babus (supervisors) and 
operators. This committee would assist in developing 
programmes and formulating plans, serve as a channel for 
communication back to personnel in their functional area, 
and also serve as a forum for review and generation of 
ideas. Membership in this committee could be rotated on 
a planned basis to involve a greater number of people and 
get more ideas. 


INITIATING ENERGY MANAGEMENT 

With the appointment of a corporate energy manager or an 
engineering department responsible for energy management 
the establishment of an appropriate energy management, 
structure r the process of planning and initiating energy 
management activities can be undertaken. This comprises 
three major steps : 

~ Setting overall energy management policies 

— Conducting estate/factory energy studies 
(energy audits) 

- Formulating a plan of action 
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Step 1 = Setting Overall Energy Management Policies 

The first step is setting of overall policies relating to 

objectives, goals, methods, resources, etc. Some of the 

questions that should be addressed in this context are: 

— What are the objectives of the energy management 

prograame ? These could be minimization of energy 

wastage through better housekeeping, improvement of 
efficiency of energy consuming equipment, substitution 
of expensive or scarce fuels, incorporation of better 
operating and maintenance practices, training of 
operators for energy-efficient operation, etc. 

— What are the goals ? These can be expressed in terms of 
expected reduction in energy consumption or energy 
costs over a specified time period. 

— What are the possible methods to achieve the desired 
objectives and goals ? These could include plant 
energy studies, incorporation of technological develop¬ 
ments, equipment modification or replacement, stream¬ 
lining of operating procedures, etc. 

— What resources — personnel and capital — are to be 
committed ? 

— How will the achievement of objectives and goals be 
monitored ? 


C1early, 
know1edge 
consumpti 
an analys 
of variou 
specific 
ratio of 
ana1yses 
energy c 
1evel. 


these questions cannot be answered without some 
and understanding of the plant's energy 
on patterns and trends. This requires at least 
, of historical data on the quantity and costs 
3 forms of energy used within the pi ant, and the 
c onsumptions or energy in tensities, i.e., t he 

energy inputs to production outputs. These 
are very useful in highlighting major 
consumption at the overall corporate 


trends in 
or factory 


It would appear 
better addressed 
progresses. This 
important, and 


that some of these questions 
as the energy management 
is indeed so. Nevertheless, 
in fact essential at the very 


polieies 


even in 
the 


define overall 

fashion, which would serve as 
commitment. As the programme proceeds, 
should be reviewed and revised, if necessary 


would be 
programme 
it is very 
at the very outset to 
somewhat preliminary 
basis for an initial 
t hese po1icies 
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Step 2 s Conducting Factory Energy Studies 

To save energy, it is necessary to know where, how and 
how much energy is being consumed. The objective of 
factory energy studies, also referred to as energy 
audits, is to characterize and quantify the use of energy 
within the factory at various levels - in sections, major 
processes, and major equipment. The factory energy study 
provides a comprehensive and detailed picture not only of 
the type and quantity of energy being used but also how 
efficiently it is being utilized, the mechanisms by which 
energy is being lost, and the amounts of energy thus 
being lost. 

Factory energy studies can be carried out in two 
sequential phases — a preliminary study and a detailed 
study. 

The preliminary factory energy study or preliminary 
energy audit is essentially, as the name implies, a 
preliminary data collection and analysis effort. Readily 
available data on the factory's energy systems and 
energy—using processes or equipment is obtained and 
studied. The operation and condition of equipment are 
observed by going around the factory and discussing 
aspects of these with plant personnel. The data and 
observations are then blended with personal experience to 
develop recommendations for immediate short—term measures, 
and to provide quick and rough estimates of savings that 
are possible and achievable. A preliminary study 

usually identifies and assesses obvious areas for energy 
savings such as inefficient and insufficient lighting, 
poor or missing insulation, condensate recovery, idling 
equipment, deterioration and deficiencies in combustion 
and heat transfer equipment (e.g., dryer), water wastes, 
etc., and serves as a basis for the detailed factory 
energy study. 

The detailed factory energy study is a comprehensive 
analysis and evaluation of all aspects of energy 
generation, distribution and utilization within the 
plant. The analysis is based on consistent and detailed 
accounting of all energy inputs into a system and all 
energy outputs from a system which results in the 
development of energy and mass balances. At the plant 
level, the analysis requires time-series data on a daily, 
monthly, or yearly basis on the quantities of all forms 
of primary energy flowing into the plant, e.g., L.D.O., 

H.S.D.O. , T.D. oil and el ec tricity, and produc t ion 
figures of made—tea. At the section level, information is 
required on the quantity of energy forms and utilities 
consumed, and the production figures of intermediate 
products. At the equipment level, in addition to the 
quantities of energy forms and material products, process 
parameters such as temperature, pressure, flow, etc. are 
also required. 
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Data generation and collection are essential and critical 
elements of a detailed ■factory energy study. 

Difficulties in meeting data requirements generally arise 
due to unavailability o"f plant operating data, inadequate 
instrumentation, poor accessibility of equipment, 
unavailability of factory design data, and unavailability 
of historical records. The acquisition of actual operat¬ 
ing data through existing or new permanently installed 
instruments or portable test instruments cannot be 
overemphasized in this context. 

Measurements are critical in any serious effort to 
conserve energy. Apart from helping to quantify energy 
consumption, measurements also provide a means to monitor 
equipment performance and check equipment condition. 
Examples of measurements and instrument types are : 

— Flow/VelDcity: Orifice plate, pitot tube, venturi tube, 
turbine meter and anemometer 

— Temperature: Thermometers — bimetallic, resistance, etc., 
thermocouple, radiation pyrometer 

— Pressure: Bourdon gauge, diaphragm gauge,’manometers 

— Heat Flow : Thermography equipment 

— Electrical: Multimeter, ammeter, wattmeter, power 

factor meter, light meter 


Analysis and evaluation of data lead to identification of 
various measures that would save energy. These measures 
are then evaluated with regard to their technical and 
economic feasibility resulting in recommendations for 
further action. 


An energy audit is not an end in itself. It does not 
save energy; it merely indicates areas with the greatest 
potential for energy (and monetary) savings, and 
therefore, areas where further action needs to be 
concentrated. It also provides a starting point or 
baseline from which progress on energy conservation can 
be measured. 


The duration of these studies depends on factory size and 
complexity. The preliminary energy study can be carried 
out in two days. The detailed study would require 
anywhere from three months to six months o e or » 
Factory energy studies can be carried out in-house if 
adequate resources and expertise are aval a e. 
Alternatively, or additionally, external assistance may 
be sought from energy consultants, equipment vendors, and 
engineering and design firms. In either case, in ense 
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interaction between plant personnel and the study team is 
essential "for - a proper - understanding and a meaningful 
analysis of the "factory's energy options- Too often, the 
■factory energy study is considered to be the consultant s 
’ problem' , resulting in minimal inputs and involvement 
"from "factory personnel- This attitude is counter¬ 
productive and self-defeating. Without the active 
participation of all levels, savings in energy use cannot 
be expected and accomplished. 


Step 3 s Fonnulating a Plan of Action 

In most cases, drawing implementation plans can 
begin even while the factory energy study is under way. 
This is particularly so for measures emphasizing better 
housekeeping which are usually low capital but manpower 
intensive options- Once the energy audit is complete, it 
should be carefully reviewed and a detailed 
implementation plan devised- At this stage, the overall 
energy management policies formulated earlier should also 
be reviewed and suitably amended, if necessary. For 
example, the energy audit may indicate that the goals set 
earlier were too low, and an upward revision may be 
required- Goals should be tough but realistic. 


The implementation plan must include specific time 
schedules for specific projects or categories of 
projects. Individual responsibilities must also be 
assigned. Management must exercise due control and 
authority to ensure that plan implementation is as per 
schedule. Periodic progress reviews at quarterly or 
half-yearly intervals should be carried out to assess 
implementation progress, to ensure that anticipated 
savings are being realised, to review any energy savings 
opportunities identified subsequently, and to assess the 
impact of changes in factors such as energy prices, 
production levels, production mix, etc- on the energy 
conservation programme. 


MANAGING ENERGY MANAGEMENT 

Having initiated an energy management programme, proper 
management is essential to reap the benefits that are 
expected. Two major elements of this managerial function 
are motivating employees to participate and contribute 
and monitoring of progress. 
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Motivating People 

Employees can be motivated to support and actively 
participate in an energy management programme through: 

- Awareness and Information 

- Involvement 

- Incentives and Rewards 

- Publicity and Promotion 


Awareness and Information 


In most factories, employees have little or no idea of 
the amounts of energy being consumed within their 
factories, their section and even the equipment being 
operated by them. In such a situation, energy 
conservation obviously carries no meaning. Employees can 
be stimulated to support energy management by making them 
aware of the amounts of energy they are using, the 
associated costs, the many ways to save energy, the 
dependence of energy consumption on other factors such as 
production rate, and the importance of energy 
conservation for the company's profitability and the 
nation's growth. The information can be provided in the 
form of comparisons of historical trends, current values 
and goals for overall energy use, energy intensity, etc. 
in both physical and monetary terms; energy conservation 
checklists for each manufacturing operation outlining 
simple and routine housekeeping measures to save energy, 
audio-visual presentations, and other general literature. 


Information must be presented in a manner which 
facilitates comprehension. If the information is too 
technical, too much, too sketchy or too dull, it is 
likely to be ignored or not understood. Terms that 
employees can relate to in everyday life should be used. 
For example, a sign saying 'Stop Oil Leaks will not be 
as effective as a sign saying 'One drop of oil every five 
seconds costs Rs. 1,000 per year'. 


Training is also an important means of both informing and 
involving people at all levels in an energy management 
programme. For operating personnel, training is required 
in energy-efficient operation of equipment and the 
practicalities of energy saving. This could be 
integrated into the company's other training programmes. 
Upper level management also need to be informed of 
overall energy situation, energy costs in relatic 
other costs, the energy management programme - its goals, 
achievements, technical, economic and behavioural aspects, 
etc . 


the 
to 
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I nvo1vement 


Motivation is based on involvement* Commitment and a 
sense of personal accountability can be generated only 
through total involvement of factory/estate personnel at 
all stages from initiation to implementation of the 
energy management programme. 

Involvement must begin with the top management. As 
mentioned earlier, top management must be fully committed 
to the energy management programme and must visibly 
demonstrate their commitment and involvement in every 
manner possible and at every available opportunity. Top 
management must originate the programme, generate 
momentum and then maintain momentum. Adequate personnel 
and financial resources must be provided and responsibi¬ 
lities delegated to implement activities and projects to 
achieve the predetermined energy conservation goals. 
Progress should be monitored and goals reviewed and 
revised in the best interests of the Company. 

Operators and maintenance staff should be involved 
actively as they are ultimately responsible for execution 
of activities in the programme. Also, they are often in 
a better position to recommend areas for savings or 
improvements. The most effective way of involving them 
is by simply going out and talking to them regarding 
goals, achievements, problems, and progress or lack of 
progress. This demonstrates to them that the energy 
conservation programme is real and also that their role 
is important in success or failure of the programme. 
Another means of involvement is through training. 

Head tea house babus (supervisors) should be involved by 
assigning them responsibilities for implementing and 
monitoring activities, and by getting them to interact 
and communicate with operations and maintenance staff on 
progress and problems. If possible, energy management 
activities should be made a part of each supervisor's 
performance or job standards. 


Incentives and Rewards 

Another method of motivating people is through incentives 
snd rewards. Monetary rewards could be given t d 
employees for suggestions leading to substantial energy 
savings, for innovative ideas or solutions, and for 
outstanding efforts in implementation of energy 
conservation activities. Wide publicity of effective 
ideas provides an added incentive in the form of public 
recognition. Other incentives could be designed to meet 
the needs and attitudes of factory/estate personnel. 
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One possible danger with monetary rewards is that it 
makes people accustomed to receiving extra compensation 
-for an effort that really is part of their job. If 
rewards are stopped later, there could be a reduction in 
ideas that could affect original gains. 


Publicity and Promotion 


Publicity and promotion are essential to make the energy 
management programme successful . These aid in monitoring 
employees through the three methods mentioned above. 
Some suggestions for publicizing and promoting an energy 
management programme are listed below 1 : 


1. One article per month is written in the Company 
newsletter , if one exists. Include a personal profile 
on people performing energy management activities 
and at least one good energy conservation idea that 
was implemented. 

2. Posters and pamphlets on energy conservation. 


3. 

4 . 


5. 


6 . 

7 . 


8 . 


Note paper pads with different energy conservation 
opportunities and ideas printed on the paper. 


Energy conservation performance results for factory 
and sections are posted monthly by the factory 
manager. 


Assistant Manager conducts quarterly on-site reviews, 
a walk-through of the unit looking for energy- 
saving opportunities. 


An agenda item on energy conservation is included at 
staff meetings. 

Energy conservation material is provided to 
supervisors for hourly employee discussion periods 
at least quarterly. 

Quarterly meetings are held in the factory for all 
unit representatives. 


9. Annual meetings are held by factory manager. 

10. An Energy Awareness Day is set aside in the factory 

twice a year. 

15. A Company energy logo is developed and adopted. 


1/ Adapted from Williams, M.A., Initiating, Organising 
and Managing Energy Management Programs, m Turner, 
W.C. (ed. ) , Energy Management Handbook, John Wiley, 

New York, 1902. 
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Monitoring and Reporting 


Monitoring of the energy conservation programme is 
necessary to ensure that it is on schedule and that 
established * goals and objectives are being met. 
Programme momentum can also be maintained through 
monitoring. This requires tracking of selected measures 
of performance. 

Selection of the appropriate and relevant measures is 
essential for proper monitoring. For example, at the 
factory level, energy usage or cost trends could be 
tracked. However, these are not unique measures by 
themselves. Energy usage could also vary due to changes 
in production volume or production mix. Energy costs 
would also change due to increases in prices. A better 
factor is the energy intensity, or energy consumption per 
unit output, although even this is a function of 
production rate. Another method could be the use of an 
energy conservation index wherein current energy use is 
adjusted to compare with energy use in a certain base 
period. 

Starting from the overall Company or factory, monitoring 
should be carried out at the lowest level possible. This 
allows closer monitoring of progress and deviations, and 
faster response to overcome problem areas. 

Effective monitoring requires that a reporting system be 
developed and instituted. Report contents and frequency 
should be tailored to the audience. Reports to top 
management could be submitted quarterly giving monetary 
savings, energy savings, capital expenditures and other 
expenses, and measures of performance such as energy 
intensity or energy conservation index, all shown against 
their goals, and a brief description of activities for 
each factory or group of factories/estates. Reports to 
factory managers would be more detailed and more 
frequent, say monthly. Reports should contain more 
specific and detailed information at lower levels. For a 
few key areas, such as peak electrical demand, reporting 
could be on a hourly, daily, or weekly basis to monitor 
energy consumption or wastage more closely. 

Installation of required instrumentation, acquisition of 
necessary data, proper maintenance of factory log sheets, 
and consistent energy accounting are essential for 
reporting and monitoring. In this context, it is 

important to reiterate the need for instruments and 
measurements not only during the energy audit phase but 
50 during subsequent implementation of energy—saving 
schemes. 
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maintaining energy management 


Energy management is not a one shot affair, 
should be a continuing programme whose 
strategies may change over time. The overall 
however, are invariant. 


Rather, it 
focus and 
obj ec tives, 


Results of the energy management programme should be 
reviewed annually to determine whether the objectives and 
expected savings have been achieved. Based on the 
review, policies should be reassessed and the plan of 
action revised. The energy reporting system should 
become an integral part of existing management informa - 
tion systems- Employee motivation should be sustained. 
Technological developments should be continuously 
monitored and evaluated. A frequently neglected aspect 
is the contribution of a good preventive maintenance 
programme to effective energy management. Only by 
sustaining the momemtum and the efforts will energy 
savings continue to accrue. 


CONCLUSION 

More than ever before, energy management is the need of 
the hour. It is easy and simple, involving the 
application of well-known principles and techniques. It 
is also cost effective. Irrespective of the size of a 
tea factory/estate, an energy management programme can be 
initiated in a few months, and savings can be realized 
almost from the beginning. An energy management 
programme in Macneill and Mayor would be a sound 
investment with returns comparable to the best elsewhere. 
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INDUSTRIAL ENERGY* 

CONSUMPTION, CONSERVATION AND POLICIES 

by 


G. Sambasivan 

Tata Energy Research Institute 


1. Introduction 

The industrial sector (manufacturing industry) in India 
has traditionally been the largest consumer of commercial 
energy in the Indian economy. In 1987-88, about 35 per 
cent of the total commercial energy available was 
consumed in the industrial sector. In terms of the total 
final consumption of commercial energy, it was approxi¬ 
mately 51.4 per cent. The contribution to this sector 
from non-commercial energy sources, such as bagasse, rice 
husk and solar energy is negligible. 

The industrial sector, being the more organized sector, 
is the prime candidate for implementation of energy 
conservation measures. As in many other developing 
countries, in India the potential for energy conservation 
remains high and it is virtually untapped. 

In contrast with developing countries, the industrialized 
countries responded to the two oil crises of the 
seventies more purposefully and more rigorously. The 
outstanding examples of energy conservation measures 
adopted were generally confined to the industrialized 
countries. For example, between 1973 and 1982, in the 
EEC countries the GDP grew by 9 per cent whereas the 
energy consumption fell by 9.5 per cent. Japan has also 
achieved a steady economic growth at 5 per cent per annum 
with energy consumption decreasing every year. Many of 
these countries were able to decouple the economic growth 
from the growth in energy demand. 

This paper discusses the commercial energy use pattern in 
India’s (manufacturing) industrial sector, energy 
conservation potential, obstacles to energy conservation 
and government policies and policy recommendations. 


2. Energy Use Pattern in India’s Manufacturing Industry 

In 1986-87, about 520 trillion kilocalories of commercial 
energy was consumed by industry as purchased fuels and 
electricity. Coal, oil and gas accounted for about 88 
per cent of the total energy used in industry; the rest 
of the commercial energy was from electricity. 


* In this paper, the power sector is excluded. 
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Table 1 presents the breakup of energy consumption in the 
industrial sector for 1986—87. Since 1980—81, the overall 
industrial consumption has grown at an annual rate of 
6 per cent. 

In the case of coal , the industrial sector consumed about 
46.6 per cent of the total coal consumed in India. For 
oil the corresponding figure is 15.8 per cent, for gas 
25.4 per cent and for electricity approximately 52.5 per 
cent. This data is given in Table 2. The oil, gas and 
electricity consumption in industry has been growing more 
rapidly than that of coal. While the share of oil and 
gas in the total national energy consumption is increas¬ 
ing, that of electricity in industry has been decreasing 
steadily, though at a slow rate. 

The demand for energy is highly sensitive to the kind of 
industrialization strategies that the country pursues. 
If a high value-added manufacturing strategy based on low 
energy consumption industries is pursued, a consequent 
decline in the elasticities (ratio of rate of growth in 
energy consumption to GDP growth rate) for fuel and 
electricity would be possible. 

In the recent document indicating the perspectives for 
2004-05, the Advisory Board on Energy has estimated 
electricity demand for the industrial sector at 280 
billion kWh and 367 billion kWh for 1999-2000 and 2004-05 
respectively. If these estimates are to hold, the demand 
for electricity in 1994-95 can be interpolated at around 
185 billion kWh, showing an increase of almost 50 per 
cent during the 8th Five-Year Plan period. 

Coal use in the industrial sector is mainly in the form 
of coking coal for steel industry, and non—coking coal 
for cement, paper and paperboard, newsprint, and brick 
industries. A large cluster of small industries generally 
accounts for around 20 per cent of the total coal 
consumption. 

If there was to be no improvement in the efficiency of 
coking coal use in industry, the demand in the years 
1989-90, 1994-95, 1999-2000 and 2004-05 would be 41, 60, 
75 and 88 million tonnes (Mt) respectively. 

In the case of non—coking coal, efficient processes and 
changes in raw materials in cement, nitrogenous fertili¬ 
zers, pulp and paper industries are expected to bring 
about reduction in coal use. 
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Table 1 


Break-up of Commercial Energy Consumption 
in Indus-trial Sector 


(1987/88) 


Energy Form 

Quantity 

Mtoe 

Energy, 

10 lz kcal 

% of 
total 

Coal 

80.22 Mt 3 / 

39.308 

400. 9 

74. 0 

Oil 

7. 269 MtV 

7. 063 

72.0 

13. 3 

Natural Gas 

268 M cu.m 

0. 23 

2.3 

0. 4 

Electricity 

78,010 Mk«h 

6. 501 

66. 4 

12. 3 

Total 


53.102 

541.6 

100. 0 

Mtoe - million 

tonnes of oil 

equivalent 




1/ Includes coking coal including the quantity imported, 
and coal used as feedstock 


2/ Excludes oil used as feedstock, but includes LPG used 
as fue1 

Source: Tata Energy Data Directory and Yearbook (TEDDY) — 
1989, Tata Energy Research Institute, Rev/ Delhi. 


Table 2 

Commercial Energy Consumption in Industrial Sector 
vis-a-vis Rational Commercial Energy Consumption 

(1987/88) 


Energy Form 

Nation 

(Mtoe) 

Industry 
(Mtoe) 

% of 
Total 

Coal 

88.196 

39.308 

44.6 

Oil 

43.724 

7.063 

16.2 

Gas 

3.216 

0. 23 

7.2 

Electricity 

13.322 

6.501 

48.8 

Source: TERI 

Energy Data Directory 

and Yearbook 

(TEDDY) - 


1989. 
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As regards petroleum products, the industrial sector uses 
oil products generally at a rate of 0.004 kg per rupee of 
value added. If this norm was to continue unchanged, the 
demand in the year 2004—05 would be about 17 Mt of petro¬ 
leum products. 

On the basis of the above projections, the predicted 
demand for electricity, coal and petroleum products are 
as shown in Table 3 below. 


Table 3 

Future Demand Projections for Electricity, Coal and 
Petroleum Products in Industrial Sector by 
Advisory Board on Energy 


Estimated Requirements 


Year 

Coal 

(Mt) 

Petroleum Products 
as Energy Source 
(Mt) 

Electricity 

(Billion kWh) 

1989-90 

89.2 

6.11 

120 

1990-95 

120.0 

8.53 

185 

1995-2000 

150.0 

11.81 

280 

2004-05 

188.0 

16.62 

367 


The growth rates represented by the above figures indi¬ 
cate that the demand for energy in the industrial sector 
for coal, petroleum and electricity may not be met. 
Moreover, the constraints in the supply industry are 
compounded by the transportation and other infrastructure 
deficiencies. Hence, energy conservation assumes an 
importance overriding other elements of a long-term 
energy policy. 


3. Energy Conservation Potential 

The Inter ministerial Working Group (IMWG) on Utilization 
and Conservation of Energy had estimated that in 1983 the 
total potential for energy conservation in the industrial 
sector was approximately 25 per cent of the total energy 
consumption. Table 4 presents a summary of the energy 
savings in monetary terms reported by IMWG. 
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Table 4 


Manufacturing Industry - Conservation Potential, 1983 


Energy 

Annual 

Savings 

Investment 

Total 

Form 

Consumption 

Potential 

Required for 

Investment 




Creating Equivalent 

Required 


(mill ion 


Resource 



(million 

(Rs. crores/ 

(Rs. crores) 


tonnes) 

tonnes) 

unit) 


Coal 

70 

17.5 

50 

875 

Oi 1 

4 

1.0 

180 

180 


(As Fuel ) 

Electricity 60 billion 5250 MW 0.9 4725 

kWh 

Total investment for creating 

equivalent energy capacity 5780 

Investment required for imple¬ 
menting energy conservation 

measures 3600 

Annual expenditure saving in 
industrial sector by implemen¬ 
ting conservation measures 1925 


Source: IMWG’s Summary Report on Utilization and Conservation of 
Energy, September 1983. 

It is clear from the Table 4 that the investment required 
to create additional energy supply is much higher than 
that required for energy conservation measures. The 
annual energy savings is at an overall return of over 50 
per cent. It is important to note that most of the 
short-term measures require very little investment, and 
have payback periods ranging from a few days to 2 years. 
Long-term measures generally require large investments, 
and payback periods range from 2-5 years. 

In early 1989, Government of India set up a working group 
on energy conservation for the Eighth Five-Year Plan to 
identify key areas for formulation of policies and 
programmes for energy conservation during the ensuing 
plan period. The working group concluded that at least 
50 per cent of the energy conservation potential in the 
industrial sector should be realized in the Eighth Plan, 
and the rest in the Ninth Plan. To take up comprehen¬ 
sive programmes, it was estimated that about Rs. 2,700 
crores (at 1983 prices) would be needed by the industrial 
sector. Out of this amount, a large part of the cost 
would be met by the end-users themselves. 
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4. Difficulties in Implementing Energy Conservation 
Measu res 

In India, the industrial sector is relatively organized 
and yet highly disparate and dispersed, consisting of a 
large number of small manufacturing firms. Moreover, the 
units are of various vintage, using outdated technologies, 
and in many cases running beyond the design—life of the 
plant. 

Indian industries have some of the highest energy 
intensities vis—a—vis developed and some developing 
countries. Though there is a large scope for improvement, 
there are some important reasons for energy intensities 
remaining high. These are discussed below. 

First, most industries have little incentive to improve 
their energy consumption rate, as the energy cost forms 
only a small percentage of the total product cost. 

Secondly, in the energy-intensive industries such as 
steel, aluminium, cement and petroleum refining, there 
are very few companies, which are essentially oligopolies. 
Therefore, increased energy costs are easily passed on to 
the consumers. Even if there are administered prices for 
their products, lack of profit-motive generally discour— 
ages energy conservation. In these large (public sector) 
undertakings there is little incentive to cut production 
costs under these conditions. 

Thirdly, major conservation efforts require replacement 
of capital stock, process modifications, retrofits and 
technology changes, which normally require large invest¬ 
ments. Due to paucity of funds, high interest rates, and 
high demand for industrial goods, the industries gene¬ 
rally prefer investing in capacity expansion rather than 
in energy conservation equipment. Often this means 
installation of cheap machines, and outdated technology 
and production systems, which lead to energy ineffi¬ 
ciency . 

Finally, shortage of raw materials, capacity under— 
utilization, interruption in fuel and electricity supply, 
lack of commitment to energy conservation, labour unrest, 
lack of trained manpower, lack of instrumentation and 
monitoring and absence of good housekeeping practices 
contribute to high energy intensities. 


5. Government Policies in India 

The policy instruments adopted so far by the Government 
of India to promote efficient use of energy in the 
industrial sector can be divided into two categories, 
viz., (1) fiscal or economic measures, and (2) liberali¬ 
zation of import of certain energy-efficient equipment. 
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5.1 Fiscal Measures 


In February 1982, Government announced a 100 per cent 
depreciation allowance, effective April 1983, on certain 
energy—saving devices and systems. These can be catego— 
rized in the following areas: 

(a) Specialized boilers and furnaces 

(b) Instrumentation and monitoring systems for 
monitoring energy flows 


(c) Waste heat recovery equipment and cogeneration 
systems 


(d) Power factor-correcting devices. 


Depreciation at 30 per cent has also been allowed for 
renewable energy devices, which include: 


(i) Solar energy devices 

(ii) Wind mills and related equipment 

(iii) Biogas plants and engines 

( iv) Battery-powered or fuel cell-powered vehicles 

(v) Agricultural and municipal waste conversion 
devices 

(vi) Equipment for using ocean waves and thermal 
energy 

(viil Machinery and plants for the manufacture of 
any of the above items. 


Schemes from Financial Institutions. Both the Industrial 
Development Bank of India (IDBI) and the Industrial 
Credit & Investment Corporation of India Limited (ICICI) 
have introduced two schemes, viz., (a) Energy Audit 
Subsidy (EAS) Scheme, and (b) Equipment Finance for 
Energy Conservation (EFEC) Scheme. The schemes will be 
initially in operation for a period of two years up to 
the end of the Seventh Five-Year Plan. 

Under the EAS scheme, subsidies of up to Rs. 10,000 and 
Rs. 1,00,000 on preliminary and detailed energy audits 
would be available. The assistance under the EFEC scheme 
would be in the form of term loan, up to a maximum of 
Rs.4 crores per company/undertaking at a maximum interest 
rate of 14 per cent. The interest rate will be reduced 
by up to 4 per cent depending on the actual percentage 
reduction in specific energy consumption values. 
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Schemes ■from Petroleum Conservation Research Association 
CPCRA ) 

a. Energy Audit Subsidy Scheme 

PCRA offers subsidies up to 50 per cent of the cost 
towards the conduct of energy audit at industrial 
premises limited to a maximum of Rs. 25,000/— per indus¬ 
trial unit. The above subsidy would be payable after 
acceptance of energy audit reports both by PCRA and the 
party after a written commitment from the latter, to 
implement the recommendations that would result in 
realising around 50 per cent of the energy saving poten¬ 
tial identified in the report. 

b. Boiler Modernization Scheme 

The rules and guidelines for utilizing PCRA’s scheme on 
boiler modernization are provided in Appendix 2. 


5.2 Energy Equipment 

Under the import-export policy of the Government, pet— 
mission in the form of an import license is usually 
required for import of capital goods and equipment, 
spares, raw materials, finished goods, etc. However, 
import of certain goods is allowed free of import license. 
These are items classified under OGL category. Since 
April 1983, import of the following energy conservation 
equipment, including systems and devices working on/used 
for renewable and alternate sources of energy, has been 
allowed under OGL. 

(i) Wind-driven generators 

(ii1 Solar energy equipment 

(iii) Parabolic focussing systems of the automatic 
electronic tracking type, including photo¬ 
electric sensors 

Civ) Portable exhaust gas and combustion analyzers 

Cv) Steam trap leak detector 

(vi) Ultrasonic steam leak detector 

(vii) Solar heat control film 

(viii) Burners (a few types) 

(ix) Infrared thermography instruments 

(x) Furnace oil flow meters and steam flow meters 

Cxi) Low-maintenance steam traps, U.F.O. 
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Specified equipment in categories (i) and (ii) above are 
fully exempt from customs duty. Import of the other items 
is subject to payment of customs duties and levies at 
prevailing rates. 

Complete details of the above incentives, which are 
applicable to industry, are given in Appendix I. 


Other Measures 

Apart from the above mentioned policies, the Government 
has proceeded along two other avenues. 

Two governmental organizations - the National Producti¬ 
vity Council (NPC) and PCRA - offer a range of energy 
conservation services and assistance. 

In addition, from time to time, the Government of India 
has constituted expert groups to examine specific aspects 
of energy supply and demand, and recommend appropriate 
policy measures. The four groups appointed in recent 
times include (1) the Working Group on Energy Policy 
appointed by the Planning Commission, (2) the Committee 
on Power, (3) the Inter-Ministerial Working Group on 
Utilization and Conservation of Energy and (4) Advisory 
Board on Energy (ABE). 

ABE’s activities have included formulation of a set of 
recommendations in various areas of energy conservation, 
which include power and the industrial sector. 

The recommendations of these groups have been published, 
and some of these are discussed below. 


6. Policy Recommendations for India 

In the work of the earlier government-appointed commi¬ 
ttees in India, there was greater emphasis, understan¬ 
dably, on aspects of energy supply. More recently- 
constituted expert groups have focussed considerable 
attention on energy consumption and conservation aspects 
with growing recognition of their importance, and of 
conservation as an alternate source of energy. 

Some of the important recommendations of the expert 
groups and other experts in this field are given below. 
(Reference to expert groups are shown against the respec¬ 
tive recommendations, and the names of these groups are 
given in footnotes.) 
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a. Technical and Operational Measures 

— Detailed energy audits should be carried out in at 
least all large and medium-sized industries. 1 / 

- Measures to improve the efficiency of energy utili¬ 
zation in industries should be the most important 
element of energy policies in the industrial sector. 
Standards for fuel efficiency for each type of 
industry should be fixed with gradual improvement in 
efficiency over time, and their achievement 
monitored. 2 / 

- Special attention should be paid to savings in the 
use of oil. Substitution of oil with other types of 
fuel including coal should be actively pursued 2 / 

- Cogeneration possibilities in existing industries 
should be identified and pursued, if necessary by 
providing financial incentives. 2 / 


b. Fiscal and Economic Measures 

- Investments and subsidies for energy conservation 
schemes should be created, to be expanded to around 
Rs. 100 crores every year, over a span of 10 years, 
by levying an energy conservation cess on industrial 
consumption of petroleum products, coal and electri¬ 
city. 3 / 

- Customs duty relief on both components and equipment 
should be offered. 3 / 


c. Energy Pricing 

- Energy pricing policies must ensure that (i) suffi¬ 
cient surplus is generated to finance energy-sector 
investments, (ii) economies in energy use are 
induced, and (iii) desirable inter-fuel substitution 
is encouraged. 2 / 

- Energy prices should be raised so that they at least 
reflect long-run marginal costs and allow for a 
reasonable return. A further increase in the form 

a conservation cess may be desirable to promote 
conservation of resources and economy in general 
use. 2 / 


1/ Advisory Board on Energy 
2/ Working Group on Energy Policy 
3/ Intel Ministerial Working Group 
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- Th© energy pricing system should b© structured so 
that the price to the user reflects the real costs 
of supplying energy. 2 / 

ft 

- Penal levies on industries, which exceed laid down 
norms of consumption, and fiscal incentives for 
those who improve on them should be considered. 4 / 


d. Industrial Licensing, Production and Growth 

- Before new units are licensed, the capacities of the 
existing units and the capacity utilization factors 
for these units should be taken into consideration. 

- In setting up new industries, the technologies used 
should be the least energy-intensive options, parti¬ 
cularly with respect to the use of depletable 
sources of energy and electricity. 2 / 

- The possibility of utilizing waste heat from power 
plants, especially the large super thermal stations, 
by setting up appropriate industries in the vicinity 
should be seriously considered. 2 / 


e. Organizational Measures 

- In large and medium-sized industries, it must be 
mad© mandatory to appoint energy managers, who are 
suitably trained. In small-scale industries, a 
mechanism of energy auditing, reporting and improve¬ 
ment in energy use should be instituted. 


f. Energy Equipment 

— Better standards for various energy using equipment 
must be set. 

— Restrictions must be placed on the production and 
sale of low-efficiency motors and transformers. 4 / 

- Manufacture of sophisticated instruments required 
for monitoring energy flows must be encouraged. 
Import of such instruments and spare parts should be 
free of customs duty. 


2/ Working Group on Energy Policy 
4/ Committee on Power 
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g. Research and Development 

- Each major industrial process should be reviewed to 
identify the R&D efforts required to reduce energy 
consumption. 2 / 

— r&d programmes in energy conservation technologies 
should be sponsored by the government as a distinct 
component of the Science and Technology plan. 3/ 


h. Other Measures 

— Formal training courses for developing energy 
conservation expertise should be introduced in 
various technical institutions to maintain a steady 
flow of experts in the field. 

- A system of governmental recognition and awards 
should be instituted for honouring individuals and 
organizations for outstanding performance in energy 
conservation 3 t 

— To create energy conservation awareness, pamphlets 
in regional languages, suitable documentary films 
and programmes on radio and television should be 
introduced. 3 / 


7. Conclusion 

The industrial energy efficiencies in India are much 
lower than those of the developed countries and even many 
of the developing countries. There is vast scope for 
improvement. Fortunately the need for energy conservation 
in industry is recognized and the awareness is increas¬ 
ing. However, the action taken by both government and 
industry is far from being adequate. 

It is evident that changes in energy use efficiency in 
any country will occur voluntarily where the economic 
choices are clear. But the adjustments that need to be 
made will vary according to the existing structures and 
resources endowments of individual economies. 

In India, more stringent policies and measures are 
required to improve energy intensities, and overall 
energy consumption. It is high time that government 
acted, before it is too late to control the escalating 
energy use and wastage. A carrot-and-stick policy may be 
in order. 


2/ Working Group on Energy Policy 
3/ Intel—Ministerial Working Group 




The tasks outlined by various expert groups in India are 
comprehensive, though complex and formidable in nature. 
They require a strong institutional infrastructure and 
integrated approach for implementation of energy 
conservation across the board. The experience of other 
countries points in the same direction and shows that the 
ideals of conservation can be translated into reality 
only if they are backed by appropriate administrative, 
legal and financial inputs. In this regard, it is 
important for the government to assess as to how best the 
existing government departments and institutions can be 
used/restructured to face the challenge. 
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APPENDIX I 

ENERGY CONSERVATION INCENTIVES* 

Incentives currently available to encourage energy saving 
are listed in this Appendix. 

FISCAL INCENTIVES GIVEN BY CENTRAL GOVERNMENT 

A. INCOME TAX 

1. One hundred per cent depreciation allowance on 
written—down value is allowed on energy saving devices 
and systems listed below: 

(Item 11 IF( 2A) under Part I of Appendix I to the 
Income Tax Rules 1962, effective from April 1983) 

(a) specialized boilers and furnaces 

i. Ignif1uid/f1uidized bed boiler 

ii. Flameless furnaces 

iii. Fluidized bed type heat treatment furnaces 

iv. High efficiency boilers (thermal efficiency 
higher than 75 per cent in case of coal-fired 
boilers and 80 per cent in case of oil/gas- 
fired boilers). 

(b) Instrumentation and monitoring systems for 
monitoring energy flows 

i. Automatic electrical load monitoring system 

ii. Digital heat loss meters 

iii. Microprocessor-based control systems 

(c) Waste heat recovery equipment and cogeneration 
systems 

i. Economizers and feedwater heaters 

ii. Recuperators and air preheaters 

iii. Backpressure turbines for cogeneration 

iv. Heat pumps 

v. Vapour absorption refrigeration systems 

vi. Organic rankine-cycle power systems 

vii. Low inlet-pressure small steam turbines 

(d) Power factor correcting devices 

i. Shunt capacitors and synchronous condenser 
systems. 


* Source: Energy Conservation, Challenges and Opportuni¬ 
ties, Advisory Board on Energy, Government of 
India (1986) 



B. CUSTOMS DUTY 


Import duty in respect of the following 15 specified 
energy conservation equipment has been reduced to 40 per 

M Sn f % auxiliar y) ad valorem vide Notification 

No. 30/88 Customs, dated March 1, 1988.) 


SI. No. 


Description 


1. Flameless furnaces for reheating and heat treat¬ 
ment applications 

2. High velocity recirculating furnaces for reheat¬ 
ing and heat treatment applications 

3. Low excess air burners (below 10 % excess air) 

4. Fuel oil emulsion burners 

5. Regenerative burners for applications in forging 
and heat treatment furnaces 

6. Self-recuperative burners (Burners using pre¬ 
heated air) 

7. Flat flame burners 

8. Heat pipes for extracting heat from low tempera¬ 
ture fluids and gases 

9. Heat pumps for space heating, water heating, 
cooling applications 

10. Free-bal1 bucket steam traps with no links/ 
hinges. 

11. Automatic microprocessor-based load demand 
controllers for efficient load management 

12. Microprocessor-based combustion control system 
for boi1ers 

13. Light sensitive time switches for street light 
controls 

14. Mi croprocessor based automatic anode over—poten¬ 
tial controllers in caustic, chlorine and 
aluminium industries 

15. Mi croprocessor based-universal programmable 

timers timers for continuous and batch processes, 
such as in tyre industry and rayon industry. 


(ii) 




C. OPEN GENERAL LICENSE CATEGORY 

Since April 1983, import of the following energy saving/ 
conservation equipment, including systems and devices has 
been allowed by all persons under open general license 
COGL) category. 

i. Portable exhaust gas and combustion analyzers 

ii. Steam trap leak detector 

iii. Ultrasonic steam leak detector 

In the new Import-Export Policy of 1988-1991 (announced 
on March 30, 1988), the following items have been brought 

under OGL: 


Capital Goods 

i. Machinery and equipment for manufacture of energy¬ 
saving lamps having efficiency of lamps more than 
60 lumens/watt 

ii. Machinery and equipment (excluding furnaces) for 
the manufacture of fluorescent lamps, sodium vapour 
discharge lamps and mercury vapour lamps 


Energy Conservation Equipment 
1 . Burners 

a. Zero and low excess air burners 

b. Emulsion burners 

c. Self-recuperative burners 

d. High velocity burners 

e. Flat flame burners 

f. Axial flow burners 


2. Instrumentation 

a. Infrared thermography instruments 

b. Furnace oil flow meters and steam meters (volume- 
shedding and turbine-type) 


3. Other Equipment/Items 

a. Low maintenance steam traps, U.F.O. 


(iii ) 



APPENDIX II 


PCRA BOILER MODERNIZATION SCHEME 
POLICY GUIDELINES 


1. Oil Tired, inefficient (thermal efficiency below 
70 per cent), IBR Boilers of less than or equal to 50 
T/HR capacity are covered in the scheme to be replaced 
by modern efficient oil/coal fired boilers (thermal 
efficiency in case of new oil fired boilers >, 80 per 
cent and for new coal ficed boiler } 75 per cent). 

2. Boiler should be in operation with the consumer for a 
period of at least two years. 

3. The loan interest rate is 11 per cent - service charge 
of 1/2 to 1 per cent by oil companies. 

4. Loan repayment in easy instalments in 3-5 years. 

5. Loans for replacement, capacity 100 per cent in excess 
than present case may be considered on individual 
merit. 

6. Replacement of stand-by boilers may be considered on 
individual merit subject to ROI savings levels 
(Return on investment fuel savings). 

7. Loans are given for replacement of oil-fired boilers 
by efficient coal/1eco/1ignite fired boilers with 
following guidelines: 

a. New boiler has thermal efficiency >, 75 per cent. 

b. Beneficiary furnishes a bank guarantee for 100 per 
cent of the loan amount; to be renewed annually 
based on reduced principal amount. 

8. Loans for replacement of boilers as well as for feed 
water treatment plants (WTP) may be given with follow¬ 
ing guidelines: 

- WTP is an integral part of the boiler. 

— Loan is extended on single point basis. The boiler 
manufacturer gives WTP and new boiler both. 

- The cost of WTP is < 25 per cent of the cost 
boi1er. 


(i ) 


of new 




Analysis of Energy - Related Data From Tea Estates 

by 

S. Anand 

Energy related data was collected -from the tea estates at 
Monabarie, Barganq, Dekorai and Pertabghur during the 
visit to Assam. Subsequently, additional data was 
collected from all the 52 tea ©states. 

An analysis was carried out to determine the energy use 
pattern tor different tea estates. Some of the important 
results -from this analysis are dealt with in this paper. 

Based on data collected on the connected electrical load 
■for three tea factories, the break-up of load by 
different processes was analyzed. It was observed that 
withering, processing and drying each account for about 
22-^30 per cent of the total connected load. Sorting and 
packing account for about 9—14 per cent of the connected 
load. In this analysis the domestic load was excluded. 
The results of this analysis are graphically represented 
i n Figure 1. 

It was observed that there is considerable variation in 
the specific energy consumption of both TD oil and 
electricity for different tea estates. The analysis was 
carried out' separately for factories producing only CTC 
and orthodox varieties of tea and those producing both 
the varieties. Tables 1,2 and 3 give the results from 
this analysis separately for factories producing only 
orthodox and CTC tea, and for factories producing both 
the varieties, respectively. 


Table 1 

Variation of Specific Energy Consumption of 
TD Oil and Electricity 
(Orthodox Tea Factories) 


TD'Oil Electricity 

<Rs./kg) (Rs./kg) 


Aver age 

1.64 

1.37 

Maximum 

3.20 

2.71 

Mini mum 

0.41 

0.40 

Standard Deviation 

92.07 7. 

75.75 

Variance 

04.77 */. 

57.37 
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Per cent of lotai Load 


FIGURE 1 


Percentage Break-up of Process Load 
Vs, Total Connected Load 
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Table 2 


Variation of Specific Energy Consumption of 
TD Oil and Electricity 
<CTC Tea Factories) 



TD Oil 


Electricity 


<Rs. /kg > 


<Rs. /kg) 

Aver age 

0.53 


0.93 

Maximum 

1.27 


1 M OO 

Minimum 

0.05 


0.63 

Standard Deviation 

50.54 x 


26.18 X 

Variance 

25.54 X 


6.85 X 


Table 3 



Variation of 

Specific Energy 

Consumption of 

TD 

Oil and Electricity 


(Factories Producing both CTC and Orthodox Tea) 


TD Oi 1 


Electricity 


>:Rs. /kg) 


(Rs. /kg > 

Aver age 

0.32 


0.85 

Maxi mum 

1.85 


1 .73 

Minimum 

0.05 


O. 31 

Standard Deviation 

50.51 X 


25-91 X 

Variance 

25.52 '/. 


6.71 X 


From these tables we can see that there is considerable 
variation in the minimum and maximum specific energy 
consumption of both TD oil and electricity for different 
tea factories. The variations are much more in case of 
factories producing only orthodox tea as compared to 
those which produce only CTC or both varieties of tea. 
This is evident from the standard deviation for the 
specific. TD oil consumption which is over 90 per cent in 
case of factories producing only orthodox tea as compared 
to about 50 per cent for the other two categories of 
factories. Even in case of specific electricity consump¬ 
tion, the standard deviation is over 75 per cent for 
orthodox tea factories compared to about 26 per cent for 
the other categories. 
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There could be various reasons -for the disparities 
observed. The analysis of detailed information collected 
from four tea factories and the general data obtained for 
all the tea estates point at the following reasons which 
could be the cause of these abberations. 

1- It was indicated that some of the Mcleod tea estates 
use coal instead of TD oil- Since the analysis has 
been conducted based on the monetary value of the 
fuels consumed, the specific energy consumption would 
be lower in case coal is used as a fuel as it would 
cost much less compared to TD oil, 

2. Specific TD oil and electricity consumption could 
vary considerably with the age and type of equipment 
used in the factories and their relative efficiencies. 
This variation would be more in case of specific. TD 
oil consumption, since three different types of 
driers and burners are used at the Macnei 1 1 and 
Magor tea estates. Electrical equipment are more or 
less standardised in terms of their rating and would 
consequently result comparatively uniform values of 
specific consumption. 

3. In case of specific electricity consumption, dis¬ 
parities could again occur since the analysis has 
been conducted based on the monetary value. The 
specific consumption would be more for factories 
which operate with a higher percentage of self — 
generated electricity as compared to those which 
mainly operate on electricity purchased from the ASEB 
grid. 

4. It was observed that in the data collected, domestic 
electricity consumption is included with the electri¬ 
city consumed by the factory . Therefore, even at 
times of low production of tea, electricity consump¬ 
tion would be high on account of the domestic load. 
Similarly, tea estates which have a greater domestic 
load would register a higher specific consumption. 

5. Specific energy consumption \of both TD oil and elec¬ 
tricity) woul d also vary depending on the the opera¬ 
tional procedures adopted by personnel at different 
estates, and the time duration over which they 
operate different processes such as withering and 
drying. 

t>. Another major cause of error could be in terms- of 
reliability of data. 
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In this paper, an attempt has. been made to indicate the 
disparities observed in the energy consumption of 
di f f ©rent tea -factories. Some of the reasons for these 
are also given. 

In the absence of a systematic monitoring system, it 
would be very difficult to obtain accurate data based on 
which a methodical analysis could be carried out. Only 
based on a careful and detailed study which takes into 
account factors such as those mentioned above, would it 
be possible to arrive at norms for energy consumption, or 
establish a benchmark based on which a comparative study 
of different tea factories could be carried out.. 

In view of the total energy consumption of ail the tea 
estates, it is imperative that the framework for such a 
study be drawn and suitable action be taken based on the 
results of the analysis. 

A routine analysis based on physical energy units of 
fuels and electricity, i.e. , kJ or kcal would enable a 
better comparison of specific energy consumption \kJvkg 
made-tea or kcal/kg made—tea) values. It is important to 
find reasons for disparities in these values between tea 
estates, take corrective action, and to set targets for 
energy saving. 
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Energy Conservation Concepts For Diesel Generators 


bV * 

Harish Hanagudu 

Introduction 

Electric power shortage is widespread in our country, 
crippling normal operations of industrial units and 
reducing industrial productivity. Industries are thus 

forced to instal1 captive diesel generators (DG) sets to 
augment supply and in many instances provide "for the 
units' total power requirements. The number ot captive 
diesel generator units installed has shown a rapid 
increase in the recent past, reflecting the deteriorat¬ 
ing utility power supply situation in many states. 

Almost all of the presently installed DG sets are 

designed to operate on distillate fuels, viz., HSD/LDO 
(High Speed Diesel/Light Diesel Oil ) . However, a few new 
sets being installed, will be operating on Heavy 
Petroleum Stock (HPS) and Heavy Residual Fuel Oil. The 
existing DG sets consume distillate fuels which are 
scarce in the country. Moreover, DG sets being critical 
equipment for the plant operation, are run for long 

periods. This leads to substantial costs being associated 
with the operation and maintenance of the DG sets. 

Hence, it is vital that adequate attention be provided 
right from inception, on selection, installation, opera¬ 
tion and maintenance of these sets. Training should also 
be provided to the engine-room operators to appreciate 
the importance of the DG sets. 

The note discusses the several issues related to the 
proper operation and maintenance of DG sets, leading to 
better performance efficiency, and fuel conservation. 

Factors which affect the operation efficiency and fuel 
consumption in DG sets are listed below. Details 

explaining the importance of each of them is given. 
Possible methods and techniques of improving DG set 
efficiency are also provided. These factors could be 
classified as; 

- Extent of Loading - Fuel Additives 

- Proper Instrumentation - Waste Heat Recovery 

- Lube Gil Conservation - Maintenance procedures 


$ Formerly with TERI 
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Extent of Loading 

The extent of loading on diesel generator's is a very 
important parameter in determining the efficiency of 
engines- Almost all diesel engines have low efficiencies 
at loads below 50 per cent. A DG set may often not be 
made to generate to its full rated capacity- If this 
happens, the fuel consumption per kWh generated increases. 
The increase will depend upon (i) the ratio of actual 

output to rated capacity; and (ii) design and capacity 
rating of the DG set- Figure 1 illustrates the observa¬ 
tions made in a field test to study the change in fuel 

consumption of a DG set at different loads- Table 1 gives 

a comparison between the recommended and actual specific 
fuel consumption for DG sets of different capacities. 
The manuf ac tur ers' specifications of part load fuel 

consumption for different DG sets are provided in Table 2. 
Note the higher fuel consumption, when the sets operate 
at lower loads. At part loads at or below 50 per cent, 
the fuel consumption increases with increasing capacity 
of DG sets, and are higher than those of small DG sets. 

However, there are instances where a DG set is unable to 
be loaded to its full capacity- This could be due to: 

— Overheating of the engines 

It is recommended that the cooling circuit be main¬ 
tained well, and water quality be tested to avoid scale 
deposition. 

— Poor response of governors 

Due to the inertia and sluggishness of mechanical 
governors, DG sets are unable to respond to load 
changes. It is essential that the governor mechanism 
is maintained well. 

Many operators experience the problem of not being able 
to detect higher fuel consumption or changes in 
parameters, due to faulty or improper instrumentation. 
It is hence absolutely essential to provide individual 
flow meters and other indicating instruments to detect 
the problem early and rectify them in time. Several 
plants do not maintain accurate records of HSD consump¬ 
tion in the DG sets. Only data relating to HSD 
purchased is available. No fuel management programme can 
take off unless the database is complete and sound. 
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FUEL CONSUMPTION IN MILLI LITRE / KWH 


FIGURE 1 

A. Variable load Characteristics of 
Diesel Gen. Sets 
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Table 1 


Specific Fuel 

Consumption of HSD, Recommended 

Vs- Actual 

Rating kVA 

Recommended 

kWh/L 

Actual 

kWh/L 

1450 

% 

3.84 

3.2 

1100 

3.88 

2.7 

625 

3.73 

2.7 

608 

3.50 

3.47 

550 

3.50 

'2.64 

500 

3.84 

2.64 

400 

3.69 

2.26 

310 

3.30 

3.28-2.96 

250 

3.20 

2.7 

180 

3.07 

(N 

1 

00 

1 

N 

175 

3.0 

2.7 

166 

3.0 

* 2.55 

160 

3.0 

2.5 

120 

3.0 

2.38 


Table 2 

Implications of Part—Load Conditions on Diesel Consumption 


Rated L/kWh of HSD -for Various Loading Conditions, V. 

Capacity - 


kVA 

100 

75 

50 

25 

<100 

0.2341 

0.2404 

0.2496 

0.2617 

320 

0.2311 

0.2388 

0.2542 

0.2750 

1000 

0.2301 

0.2378 

0.2531 

0.2789 


Source: Personal Communication, Kirloskar Cummins Ltd-, 
New Delhi. 
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Lube Oil Conservation 


Lubricating oils are consumed in large quantities by DG 
5e ^ 5 - estimate by the Petroleum Conservation Research 
Association (PC-RA) shows that around 10^000 tonnes of 
engine oils was used in 19B6 _ B7 "for consumption in DG sets 
alone. Although the quantity o "f lubes used is much less 
compared to the HSD consumption, the price of lubes is 
nearly thrice as that of HSD. Therefore, lube oil 
conservation in DG sets is important. The consumption of 
lubes depends largely on the number of hours for which a 
DG set is operated, the speed of the engine and its size. 
Lubes have to be changed after a specified number of hours 
of operations. 

Lubricating oil consumption is either due to top-up or oil 
change. Factors which affect the top-up and oil change 
are given below: 


T op—up 

The top-up oil consumption will largely depend upon: 

— engine design - piston rings, clearances in valves, 
guides, etc. 

— engine operating condition — speed and load, frequent 
start/stops 

It is necessary to avoid overlubrication during top-up, as 
it leads to excessive viscous drag, and deposition of 
sc a1es. 


□il Change 


The useful 
process of 
refers to 
oxidation. 


li$e of lubricating oils is limited by the 
degradation and contamination. Degradation 
an irreversible change in oil quality, e.g., 

Contamination refers to a condition, where 


external unwanted agents have infiltrated into the oil. 


Oil in service deteriorates due to degradation and conta 
mination. At this stage the oil charge has to be replaced 
by fresh charge. The general practice being followed is 
to drain the oil at predetermined intervals. The interval 
is specified by the equipment supplier as number of hours 
of operation between oil change. The oil change intervals 
for different DG sets (as examples) are given in Table 3. 
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Table 3 


Lube Oil Drain Intervals -for Different DG Sets (Examples) 


Brand 

Installed Capacity 
kW 

Recommended oil drain 
interval in hours 
of operation 

SKL 

500 

1000 

SKODA 

400 

500 

RUSSIAN 

35 

500 

CUMMINS 

400 

250 


Table 4 

Tests Required for DG 

Test 

Kinematic Viscosity at 40°C 

Set Engine Oils 

Test Method 

ASTM 

D445 

Kinematic Viscosity at 100°C 

ASTM 

D445 

Viscosity Index 

ASTM 

D2270 

Total Acid Number 

ASTM 

D974 

Total Base Number 

ASTM 

D664/2B96 

Water 

ASTM 

D95 

Pentane/Benzene insolubles 

ASTM 

DB93 

FI ash point 

ASTM 

D92 


Source: Workshop on Diesel Conservation in Captive Power 
Generation (Background Paper), Confederation of 
Engineering Industry, New Delhi. 
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These specified intervals are based on the worst possible 
operating conditions and hence, provide a safe limit. If 
a user operates under less severe conditions and better 
maintenance practices, he is likely to discard oils when 
they are still good enough for use. Therefore, a scope 
exists for conservation of engine oil, if the drain 
period intervals are optimized based on operating 
conditions or oil is drained on a condition basis. 


To arrive at an optimum drain period, test the oil for 
its key properties. These properties, along with the 
test methods are shown in Table 4. To implement these 
physico-chemical tests, a small laboratory facility may 
be required. On the basis of the results of the labora¬ 
tory tests, decide whether to reduce, extend or keep the 
same drain interval. The cost of the facilities will be 
back within a short time from the savings accrued 
due to longer oil drain periods. 


Fuel Additives 

Generally, fuel additives are used only when a specific 
problem exists and when other conventional solutions have 
been exhausted. Fuel additives have been mainly used in 
boilers to improve combustion efficiency, inhibit high 
temperature corrosion, avoid cold end corrosion and 
formation of deposits. It is necessary to understand 
clearly both the benefits and potential disadvantages of 
the additives under consideration. 

With special reference to fuel additives for improving 
combustion efficiency in DG sets, it may be noted that 
results of tests conducted by PC-RA reveal that out of 
thirty additive suppliers, who all claim improvements in 
combustion efficiency, only one brand of additive after 
use has shown a slight improvement in the engine 
efficiency. The improvement is marginal, and efficiency 
of the DG set has increased by 2 per cent, in contrast to 
the manufacturers claim of 10—lb per cent. Almost in all 
instances, the additives are not cost effective. 

Tests are still in progress to confirm the observed 
increase in efficiency- The effects of long-term use of 
an additive on the engine parts ■ have not yet been 
studied; additives have to be checked for corrosion and 
fouling possibilities. 


Waste Heat Recovery 

DG sets operate in an efficiency range of 30—40 per cent. 
This shows that of the 100 per cent energy given by the 
fuel , only 30—40 per cent is converted to electricity. 
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The rest is lost as waste heat. The major - sources of 
waste heat in a DG set are: 

— Engine exhaust gases 

— Jacket cooling water 

— Lube oil cooling circuit 

Various waste heat recovery equipment are available Tor 
the recovery of the otherwise wasted energy- The 

recovered waste heat could be used as a heat source in a 
few applications- Some of the possible applications are 
listed below: 

— Preheat combustion air for heaters/furnaces near by 

— Generate hot water for process 

— Waste heat boiler for steam generation 

— Vapour absorption refrigeration system for cooling 

— Preheating stock for furnaces 

Waste heat recovery schemes are viable only when large 
quantities of hot exhaust gases are available and on a 
continuous basis, i.e., large capacity sets or a cluster 
of smaller capacity DG sets. However, it must be noted 
that these schemes will have a reasonable payback only if 
the DG sets are being run for a larger part of the year. 


Maintenance Procedure 

Strict adherence to recommended maintenance practices 
will ensure efficient operation of the DG sets, as well 
as save fuel. A checklist of the important maintenance 
activities for DG set is provided below: 


General 

— Check for compression pressures and attend to stuck 
piston rings, leaky valves, excessive liner wear and 
ring wear, etc. promptly. 

— Meet manufacturer's norms regarding parameters like 
cooling water, temperatures, back pressure, flow rate, 
etc , 

— Ensure cleanliness in the generator room. 


Fuel Injectors 

- Check injectors once in three weeks, for leakage and 
spray pattern 
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Exhaust Valves 


Frequency of overhaul depends on exhaust gas tempera¬ 
ture and impurities in air and fuel 

Starting Valve 

— Ensure proper closing of the valve after start. Drain 
starting air tank regularly to prevent corrosion 
and leakage of starting valve seat 

Pistons/Piston Rings 

~ Ensure proper cooling and lubrication; replace rings in 
time. Clear lube oil passages. 

Heat Exchangers 

Clean once in every 500 hours of operation, if hard water 

is in use. Water pH to be between 7—8. 


Turbo Charger 

Breather to be cleaned externally once in an hour, an 
internal surface once in 10O hours of operation. 


Fuel and Lube Economy 

Appendix 1 provides operating and maintenance tips for 
fuel and lube efficiency in DG sets. 


Reference 

- Confederation of Engineering Industry ( 1987) , Back¬ 
ground Paper , Workshop on "Diesel Conservation in 

Captive Power Generation", New Delhi. 

- Waste Heat Management Guidebook, Federal Energy 
Administration (1977), Washington, U.S.A. 


Fuel and Lube Economy 

Appendix 1 provides operating and maintenance tips for 
fuel and lube efficiency in DG sets. 
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Cone1usion 


A systematic maintenance of DG sets at tea factories of 
Macneill and Magor Mould ensure efficient operation of 
these sets and fuel efficiency. In cases where old DG 
sets are used, it would be worthwhile evaluating the 
costs and benefits of newer sets which are much more 
energy efficient. In the existing sets, lube oil 
conservation would be attractive, which can be achieved 
through proper measurement of an various characteristics 
of lube oil to determine change frequency need. 
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APPENDIX 1 


Diesel Generator Sets 

Operating Tips for Fuel and Lube Efficiency 

1. Select proper fuel. If injection system can tolerate more 
viscous fuels like LDO, furnace oil or other residual fuels 
like LSHS or HPS, go for higher viscosity fuels. 

2. Ensure proper storage and handling of fuel. Dirt and conta¬ 
mination will make the fuel go off specification. 

3. Load the DG set above 50 per cent for large D.G. sets, and 
above 60 per cent for small sets. 

4. Ensure proper fuel injection, correct viscosity and tempera¬ 
ture, timing, proper mechanical condition of components, and 
prevent lube contamination. 

5. Select proper lubricant. Monitor lubricant condition through 
regular sampling and analysis of used oil. Ensure proper 
lubricant cooling and consumption. (Thicker oil cause 2 per 
cent excess fuel consumption). 

6. Externally clean the air filters regularly, to ensure proper 
filteration and cleanliness of intake air. 

7. Avoid leakages of fuel oil and lube oil, even though they may 
be of minor nature. They are a major cause for higher fuel 
and lube consumption. 

8. Normally, engine oils of SAE 40 grades are used in D.G. sets, 
unless otherwise recommended by the manufacturers. Use of 
multigrade and higher performance level oils with high 
detergency, alkalinity reserve and antiwear properties help 
in both lube and fuel conservation in addition to improving 
engine mechanical efficiency. 

9. Check compression pressure regularly if provision exists. 
Attend to stuck piston rings, leaky valves, clogged ports, 
excessive liner and ring wear, etc. promptly. 

10. Insulate exhaust piping to reduce air temperature inside the 
generator room as the higher intake air temperature increases 
the specific fuel consumption and reduces engine output, 
(Engine output reduces by about 5 per cent for 10°C rise In 
intake temperature) 

11. Avoid exhaust gas temperature above 450°C. High exhaust 
temperatures due to overload and restricted air supply, could 
lead to lower fuel efficiency as welll as fouling of turbo¬ 
chargers . 

12. Avoid over lubrication to prevent deposits inside the engine 
and on the turbo—charger blades. 

13. Maintain the cooling circuit system and clean heat exchangers 
regularly. Meet manufacturer’s norms on cooling water tempe¬ 
rature, back pressure, flow rate, quality etc. 

14. Adopt preventive or preferably predictive maintenance 
programmes. 

15. Attempt waste heat recovery, if technically and economically 
viable. 


contd 



Diesel Generator Sets Measures for 
Diesel Engine Lubrication Oil Conservation 


1. Improve air filtration 

2. Reduce fuel dilution by 

a. ensuring proper atomization 

b. having correct engine temperature 

c. having proper air-fuel ratio 

d. ensuring proper crankcase venting 

e. eliminating worn out rings and cylinder liners 

3. Check insolubles build-up in oil by using proper air, oil and 
fuel filters. 

4. Reduce oil loss by proper clearnace between valve stem and 
guide 

5. Reduce oil loss past piston by 

a. reducing carbon deposits on top land 

b. avoiding bore polishing and glazing 

c. attending to ring wear 

6. Provide by-pass purification system or remove insolubles by 
centrifuging 

% 

7. Use long drain oils with improved air and oil filters 

8. Monitor TBN values more closely where high sulphur diesel is 
used. 

9. Switch on to multigrade oils for oil as well as fuel economy 

10. Check for leaks in the lubrication system and attend to them 
promptly 

11. Change oil on condition basis and not on the thumb rule 
recommended by oil companies or engine builders. Field oil 
testing systems are readily available in the country 

12. Oil never deteriorates. It goes off specs temporarily. The 
drained oil can be re-refined and brought to proper level by 
appropriate re-refining and reclamation techniques. For 
further details on refining, consult PCRA booklet titled ’How 
to Conserve Lubes’ (through recycling). For any further 
information on this, please contact PCRA, New Delhi. 


Note: Oil refers to engine lubricant and fuel refers to 
diesel oil. 

✓ 

* PCRA - Petroleum Conservation Research Association. 




PLUG-FLOW TYPE FLUIDIZED-BED DRIERS 


by 

Sarobasivan 


Fluidised—bed is essentially 
solid material through whic 
induced. At a low superfici 
through the bed without sign 
matter. However , at a certa 
the frictional drag on each s 
airborne, and in fact, the w 
solid particles behaves like 
fluidized-bed. At certain ai 
isolates itself, as it were. 


a layer of finely divided 
h an upward flow of air is 
al velocity, the air flows 
ificsntly displacing solid 
in increased air • velocity, 
olid particle makes them get 
hole mixture of air and the 
a fluid. Hence, the term 
r flow rate, the fluid layer 
from the bed. 


The technology of heat propagation to tea leaves in 
f luidized-beds is characteri 2 ed by a number of advantages. 
The thermal conductivity of a fluid is relatively higher 
due to simultaneous conduction and convection. This not 
only results in an efficient transfer of heat to tea 
leaves, but the air is incidentally used to arrest 
fermentation. 

Plug—flow driers which are currently available in our 
country are the second generation of f1uidi 2 ed—bed driers 
evolved to eliminate some of the drawbacks of conven¬ 
tional f1uidi 2 ed—bed driers. 


Types of Fluidized—Bed. Figure 1 provides the concept of 
f1uidi 2 ed bed, and the various types of fluidized beds. 
The type of fluidization depends on the air volume, 
velocity and grid plate configuration. In anything other 
than plug (smooth) fluidization, solids are bypassed and 

the required uniform drop in temperature cannot be 
achieved. Apart from uneven drying, cross flow of tea 
leaves will take place and to some extent, the particle 
size will be reduced. This results in non—uniform product 
with lower quality level. 

Plug—flow in a fluidized bed has some useful properties: 

1. It looks like a boiling liquid and in many ways 
exhibits liquid—like behaviour. The upper surface of 
the bed remains horizontal throughout. This allows 
continuous automatically controlled operation with 
ease of handling. 

2. The rapid mixing of solids leads to nearly isothermal 

conditions in each zone and hence, the operations can 

be controlled easily. 


% Supplier of Plug Flow Driers j The Pandian Engineering Industries 
(known as Pandian Plug Flow L (Tea Machinery Manufacturers) 

Driers) 1 Corsley, Kotagiri &43 217 

1 The Nilgris, Tamil Nadu. 

Contact: Mr. G.T. Soundara Pandiaraj 
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3. Heat and mass transfer rates between air and tea 
particles are high when compared to other modes of 
contact. 

Appendix i provides additional information on the Pandian 
plug flow dryers. 

There is a basic difference between Macneill & Magor's 
driers and Pandian plug—flow driers. Whereas M&Ms have 
adopted the vibratory bed for the movement of tea, the 
latter use fluidized bed for the forward movement of tea. 
As such the air volume in plug—flow dryers include the 
fluidized component and the drying component. 

These plug—flow driers are claimed to have perfect air 
distribution for optimum efficiency and also extract 
spent air without loss of tea - 

While evaluating the drier, the economic consideration 
alone should not be the criterion, but the quality of the 
final product under comparable circumstances should be 
fully taken as the final proof of the drier performance . 

Appendix 2 provides details of a standard 20 ft x 4 ft 
dryer of Pandian Engineering Industries. 

Appendix 3 provides a copy of the letter from The Pandian 
Engineering Industries providing budgetary cost on the 
above sized drier. 


Conclusion 

The plug—flow driers have certain distinct advantages 
over the vibrating screen fluidized—bed driers currently 
used by Macneill and Magor. A complete evaluation of the 
former type of dryers should be done by M&M to determine 
the energy savings, capital investment, payback period, 
operating and maintenance expenses, dryer performance and 
other relevant characteristics. Only based on such an 
evaluation would they be able to decide if they could 
change some of their dryers, especially the endless chain 
pressure dryers, to plug—flow dryers. 



APPENDIX 1 


CHARACTERISTICS OF INDIGENOUSLY AVAILABLE 

PLUG-FLOW DRIERS 


Construe; t ion 

Pandian plug<«f low drier chamber consists of three drying 
zones and one cooling zone made of heavy steel plates. 
The plenum chamber under the grid plate and the drying 
chamber have double-walled insulation to minimize heat 
losses. The top o"f the drying chamber is totally closed 
3nd two sets of cyclotrons, one for refiring and one for 
dust extraction are provided. The drive arrangements are 
totally enclosed to avoid tea dust and mounted under the 
endless belt conveyor. The aerodynamically designed 
high—efficiency fan is connected by means of a suitably 
designed air duct to the plenum at the feeding end. The 
precisely designed louvre type directional dampers 
provide the desired negative or positive movement to tea. 
At each zone, the required volume and pressure of air are 
controlled by independent air valves. A folding type of 
blow—hole suppressor made of stainless steel is provided 
in the drying chamber. This "facilitates easy cleaning of 
the stainless steel grid plate. The inside walls of the 
drying chamber are lined with aluminium to avoid the tea 
coming into contact with M.S. parts. The fibre extraction 
cyclone can be mounted at a suitable place according to 
the convenienc e and space available in a tea f ac tory. 


Tea Dryer Heat Balance 

Pandian plug flow dryers are rated on the quantity of 
water removed in kg/hr. A reference to the tea dryer 
heat balance will give a clear picture of the approach. 

Curve I gives the water removed in kg/hr for the parti¬ 
cular made—tea output in kg/hr with varying teed moisture 
percentage. 

Curve II is a plot of air quantity required against 
temperature drop in the dryer (AT) - temperature 
difference between inlet and final mixed outlet tempera¬ 
ture. Plug-flow dryers effect 150-1&0 F temperature drop 
compared 130 — 140°F AT of the conventional dryers. 
Consequently, air requirement and power requirement are 
low for plug flow. 

Curve III is a plot between air quantity and hot air 
final temperature with the heat duty of heater. 

Curve IV directly gives the fuel such as firewood, leco 
or coal for each heater for different efficiencies. If 
oil-fired, direct—fired heaters are employed, their 
consumption can be directly read on the ordinate. 
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Some interpolations and comparisons 

Indicated below is the performance of Pandian 325 C Dryer 
on the graph: 


Made tea output : 325 kg/hr 

Water evaporated at 

55 7. moisture level : 390 kg/hr 

Dryer air at AT of 
15©°F (S3°C) 

Heater duty 

Fuel required at 757. 
efficiency of heater : 55 kg/hr (Leco) 

Pandian Special Heaters 

These are specially designed heaters to give a stove 
efficiently of 75 per cent and above with a duty of up to 
BOO y. 10" kilo cals/hr. 

The following fue1-to-made-tea ratios have been obtained 
in practice: 


Leco 

: 0.14 




Firewood firing 

: 0.6 




Coal firing 

: 0.2 




Oil firing 

: 0.22 

(North 

East 

India) 

Assam coal firing 

: 0.5 

(North 

East 

India) 


Advantages of plug—flow driers 


— Elimination of underground tunnel 

— Lesser horse power with increased efficiency of fan 

— Inside parts of chamber in stainless steel 

— Folding type blow-hole suppressors for easy cleaning 

— Positive conveyor feeder 

— Front discharge of tea 

— Positive refining system with cyclotron dust separators 

— Improved drying efficiency of 75 per cent 

— Blacker and preferable teas with increased bulk density 

— Briskness in liquor with brighter infusion 

— With the reduction in cost of production and improve 
ment in quality, the payback period can be less tha 
two years depending on the production rate 



: 9.5 x 10"^ N cu.m/h 
3 

: 310 x 10 k.cals/hr 




Appendix 2 

Details of Pandian Standard 20 ft x 4 ft Drier 

1. Drier output : 500 kg. made—tea per hour. 

The Drier output is based on a 55 per 
cent feed moisture content. Under 
South Indian practice, it is customary 
to add tea to be reconditioned along 
with the leaf and this brings down 
the feed moisture to a desired level. 
The North Indian practice is different 
and the feed moisture may be higher at 
75 per cent. In any case the quantity 
of water evaporated per hour is the 
criterion in deciding the output. In 
the case of the above drier it works 
to 650 kg water per hour. 


2, Heat output : A 16 CM Heater or a 14 Super Heater 

having a heater duty varying from 600 
to 700 x 10" kcal/hr for good satis¬ 
factory performance of the drier 
required, 

3, Type of fuel 

required : Leco/coa1/oi1/firewQod 

4, Drier air 

temperature : 140 C 


5. Feed moisture ; 55 V. and the outlet moisture of tea 3*4 


0 




APPENDIX 3 


The Pandian engineering Industries 

(Tea Machinery Manufacturers) 

POST BOX No. 3 


OUR REFXGTS 



20th January, 1990. 


Mr, G* Sambasivan, 

Fellow, 

Tata Energy Research Institute, 

7, Jbr Bagh 

New Delhi - 110 003. 


Dear Sir, 


We refer to our letter No. GTS:AKA/1223-Gen/90 dated 18.01.1990 
and we give below our quotation for a 20* x 4' Plug Flow Drier 
for your budgetory purposes. 


Description . 

The Fluidised Bed Drier comprising of double walled insulated 
drying chamber, stainless steel grid plate, stainless steel 
blow hole suppressor, cold feed arrangements with syslaas endless 
food conveyor belt, cooling fan at the discharge end, fan 
with cooling chamber, hot air fan provided from the heater to 
supply the hot air fan for the 3 different zones in the chamber, 
cyclone with 2 fans which are provided one at the first zone 
to take the moist tea £o re fire in the end zone and the other 
at the 3rd zone to collect the fibre and reasonably minute 
particles of tea to the outside of the drying chamber. The 
whole machine is mounted above ground level. The cost of the 
machine includes motors, starters and switches, V-belt and 
cyclone dust separator with multicyclone system .. .. 


Technical Details . 

Tea processing 
Dryer size 

Wither 

R.C. 

Output possible 
Feed moisture 
Final moisture 
Connected load 
Feed point 


: South India CTC Tea. 

x Drying zone 20* x 4* 

Cooling zone 2* x 4' 

: 75% 

: 100% on drier mouth. 

: 475 - 500 kg/hr. 

: 55 % 

: 3% 

i 59 H.P. 

: Rear of drier with co-current 

flow and drying* 


contd. .2** 
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Commercial Details . 

Basic cost of the Drier . • .• 

Hot air and cold air fan .. 

Electrical Motors total 34 H.P. •• 

Dust extraction system with multicyclone 
arrangements with a total of 25 H.P. 

Forwarding and Handling charges .• 

Erection, Commissioning amd Supervision charges 


Rs. 

2, 94,900.00 

Rs. 

82,500.00 

Rs. 

46,600.00 

RS. 

1, 55,000.00 

Rs. 

6,000.00 

Rs. 

14,500.00 

Rs. 

5,99,500.00 


Terms and conditions :- 

Note; - The ducting arrangement from the cyclone outlet will be 
done at extra cost. 

Terms of payment* - 50% of the value as advance with order and 
balance against delivery. 

period of deli ver' :- 2 months from the receipt of your firm order. 
Delivery :- Ex-our works, Kotagiri. 

Transport: - By your lorry on your account. 

Basic Excise and Special Excise duty will be charged extra if it 
becomes payable at the time of billing. 

Sales Tax @ 4% against ' C' Form. 

Transit Insurance will have to be arranged by you at your cost. 

A welding set should be provided by you at your cost. 

Lagging work will have-to be done by you at your cost. 

Validity: — This quotation is valid only for 60 days from to-day. 

Free accommodation should be provided for our mechanics at the 
time of erection at your cost. 

Any masonary, electrical and carpentry works will have to be done 
by you at your cost. 

Necessary unskilled labour should be provided for our mechanics 
at the time of erection at your cost. 


contd. .3... 
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We hope that you will find our offer most acceptable and we would 
thank you to favour us with your valuable order which we assure 
you will receive our best and prompt services. 


Yours faithfully# 

For The Pandian Engineering Industries, 

.11 

partner. 
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Fluidized-Bed Driers for Tea Drying* 

I n troduc tion 

Fluid Bed -technology -first came into use towards the end 
°f the last century, primarily as a means of pneumatic 

conveyance and transportation of materials- Around 1714 
this principle was -further extended for drying of 
materials by application of heat. Initially pharmaceuti¬ 
cals and chemicals only were dried in a batch process by 
using fluidized—bed technology. There has since been 
very dramatic extension of the concept and currently 
f1uidized—bed drying is considered one of the most 
advanced, efficient and productive means of drying 
materials which lend themselves to fluidisation. Various 
types of materials including coal, sand, limestone, iron- 
ore, PVC (to name a few). are dried this principle. 

As far as the tea industry is concerned, f luidized—bed 

drying is a comparatively new development. Most of the 
work in this field was done initially in Kenya and Sri 
Lanka during the late 6*0' s and early 70's. Fluidized—bed 
driers as applied on tea, is a continuous process and was 
first introduced in India around 1980; since then they 
have become increasingly popular. Application of the 
drier to tea has resulted in the production of simpler, 
smaller, more efficient and compact units in terms of 
output, with far lower operating costs than the 
conventional endless chain pressure driers (ECP) which 
were "first introduced in 1707 with only marginal 
improvements to date. Operational costs are particularly 
significant as drying is singularly the most expensive 
aspect of manufacture. In the ECP drier, drying is 

carreid out on perforated trays arranged in tiers and 
fitted on two or three endless bands continuously in 
motion. While these driers are robust and have success¬ 
fully been used for three quarters of a century, their 
chief disadvantages are; 

(a) Low fuel efficiency resulting in high operating 

c osts. 

(b> High maintenance cost consequent on number of moving 

parts such as chains, trays, etc. which require 
frequent replacement. 

(c) Inconsistent firing of individual particles due to 
-f a 1 1 —through, uneven spread and also because of 
differential temperatures and air flow within the 
c hamber. 

(d) The machine once constructed has a fixed output 
which cannot be varied without incurring consider¬ 
able expenditure towards modifications. 

* Extracted from Bedi , R. , and Vasnaik , A-R. , Fluid Bed 
Driers, Their Impact on Energy Conservation and Quality, 
Tea Today, Vol. P , No. 1&2, 1P0S. 
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Description of Manufacturing Process of Tea 

Green Leaf is plucked and withered both chemically and 
physically in conditioned air for a pre-determined 
interval of time dependent on ambient conditions of 
temperature and relative humidity. During this period the 
leaf cells are broken up and the enzymes allowed to 
concentrate. The process of withering also tends to 
dehydrate the green leaf to an extent of about 20—3® per 
cent of initial moisture in green leaf. Thereafter the 
withered leaf is subjected to other processes depending 
upon type of manufacture, i.e., CTC or orthodox. After 
completion of these manufacturing processes, the leaf is 
allowed to ferment again in conditioned air for a fixed 
time dependent on extraneous conditions. The leaf being 
very perishable in nature and susceptible to growth of 
bacteria, delays are not acceptable at any stage of 
processing- All the foregoing processes are very signi¬ 
ficant towards determining the quality of the product. 

When the leaf has fermented for an adequate length of 
time it is fed into the driers wherein the moisture is 
removed under controlled conditions to leave a residual 
2 — 3.5 per cent. Depending upon type of manufacture, 
and location and temperature conditions, moisture of 
fermented leaf can vary from 45 — 70 per cent. The 
residual moisture, however, is generally maintained 
constant within the parameters earlier expressed for all 
types of manufacture. 

Drying has a very significant impact on the characteris¬ 
tics of the end product and should follow what has been 
established as the ideal drying curve for tea to maintain 
all desirable characteristics. In conventional driers 
drying time varies between 20—25 minutes. In fluidized— 
bed drying, the residence time or what is commonly 
referred to as "throughput time” is considerably reduced 
and can be controlled to between *7—15 minutes- the 
drying curve however remains unaltered. 

Normally, the "constant rate” drying period is covered 
within 30 per cent of the drier length during which time 
the moisture content is reduced to approximately 10 per 
cent. Thereafter, the material goes through the "falling 
rate” period where it is very gradually dried to its 
final moisture level. 


Principle of Operation of a Fluidized—Bed Drier 

When a vertically rising stream of hot air is introduced 
at the base of a bed of fermented leaf, there exists a 
velocity Df the air stream at which the individual 
particles will move within the bed. Each particle is 
surrounded by its own bubble of hot air and is suspended 
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and agitated by the air stream. This stage is known as 
the onset of "fluidisation or a state o"f incipient "fluidi¬ 
sation increasing the velocity of the air stream there— 
ter will greatly increase the expansion of the tea bed. 
There is considerably relative movement of individual 
particles and consequently immediate and total mixing. 

Movement of the individual particles in the air stream 
acquire many of the properties of a liquid and have 
analogous flow characteristics and hence referred to as a 
” f luidized-bed” . Consequently, when more leaf is fed at 
one end, the leaf already existing in the bed which is 
partial ly dried tends to move further away from the feed 
and by the principle of displacement, and at a fully 
dried state will be expelled through the discharge end. 
However, in the case of vibratory bed driers, movement of 
tea within the drying chamber occurs as a result of the 
vibratory action of the grid plate. 

Since each particle is conveyed in its own bubble of air, 
this promotes a very high heat transfer rate by a 
combination of convection and conduction. Such high heat 
transfer rates, especially when free moisture is present, 
result in almost instantaneous evaporation with constant 
rapid fall in air temperature above the fluidised bed. 
It is imperative however that the hot air stream velocity 
must be carefully controlled to yield optimum conditions 
in drying having regard to the particle size and its 
density. Each particle being surrounded by its own 
bubble of hot air, very little attrition of particles and 
abrasion is experienced. Because of free movement of the 
individual particles, mixing is substantinally instan— 
teous. 

The temperature throughout the bed becomes extremely 
uniform and it is not unusual for the material and the 
hot air leaving the bed at the discharge end to be of the 
same temperature. In the case of the f 1 uidized—bed 
drier, a cooling chamber is provided wherein ambient air 
at room temperature is introduced by means of a separate 
fan to cool the tea before being finally discharged. 


The Fluidized—Bed Tea Drier 

The Fluidized-bed tea drier consists of a drive chamber 
with an integral hopper.into which fermented leaf is 
emptied. From the hopper the leaf is conveyed through a 
feed conveyor into the drying chamber, the volume of 
which is controlled by means of a spreader over the 
trays. The feed chamber is independently driven with its 
own motors, gear box, etc. 
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Fermented leaf reaches the top of the tray conveyor and 
is then dropped on to a stainless steel distributor or 
grid plate at the base of the drying chamber - The grid 
plate has longitudinal perforations suitably designed to 
compensate for volume and pressure of air. 

Beneath the drying chamber is a pressure and plenum 
chamber. Hot air is introduced in the drying chamber by 
means of a hot air fan which is attached to the heater 
through a duct leading into the plenum chamber. From the 
plenum chamber the hot air enters the pressure chamber 
via a series of velocity control dampers. The pressure 
chamber itself is bifurcated into partitions which are 
independent of each other so as to regulate pressure and 
velocity, as may be desired in each independent section. 
The air enters the grid plate beneath the drying chamber, 
the direction of which is controlled through a succession 
of flow control dampers which can independently be 
operated. The flow control dampers have a dual purpose — 
during operations their direction determines the 
residence time of fermented leaf in the drier, and at the 
end of manufacture they serve to evacuate the drier 
compietely. 

When fermented leaf enters the drying chamber it has a 
very high moisture content which is rapidly reduced 
within the first two sections. At this point maximum 
volume of air is introduced as rapid evaporation is 
desired. As the density of the material is at its 
maximum, velocity of the air passing through the distri¬ 
butor plate is relatively high and hence, there is an 
initial separation of fibre which is conveyed over the 
drying chamber into the dust extraction system. The 
fermented leaf within the chamber progressive1y dries and 
moves towards the discharge end which is fitted with the 
wei r . 

The main function of the weir is to control the residence 
time at initial starting. The weir is raised for about 
2—4 in- to ensure that the tea is fully dried before it 
moves to the cooling chamber. Once equilibrium 
conditions have been achieved by use of the dampers and 
the weir, the weir is lowered thus permitting free access 
of drier tea into the cooling chamber. 

As earlier stated, the cooling chamber has its own 
independent fan blowing ambient air which cools the tea 
before being discharged. 

The system is provided with two temperature indicators, 
one located such as to monitor the temperature of inlet 
air and the other at a point midway in the drying chamber 
to monitor the temperature of the exhaust. The differtial 
between the two temperatures is a measure of the 


4 



e “f'f^ c i enc y of drying, and it is desirable to maintain the 
minimum possible temperature difference between the two. 
Should the difference be large, it should be indicative 
of the hot air being underutilised and consequently the 
volume of fermented leaf can be increased through the 
spreader . The reverse is also true and if the temperature 
difference is too low, it is very likely that the tea 
will discharge at a higher moisture content than is 
acceptable. A via media has to be established with 
ex perimentation. 

Some driers are provided with a dust collection chamber 
wherein fibres and very fine particles entrained in the 
exhaust air stream are deposited. Due to the density 
difference between dust and fibre, fibre is generally 
blown out of the drier and the dust with a mixture of 
heavier particles of fibre settle on a sloping 
f 1 oor/eye 1 ones from where it can be collected. 

Since hot air is continuously in contact with individual 
particles of fermented leaf and the fact that heat 
transfer efficiency is more, it is essential to fire the 
fluid bed drier at a higher temperature than is normally 
used on a conventional drier. Inlet temperature at 
125°C is recommended. As a result of firing tea at a 
substantially higher temperature the leaf appearance is 
improved and the end-product tends to have a better bloom 
apart from being very much blacker in colour. However in 
static bed machines inlet temperatures can be varied from 
160° to i36°C to meet specific liquor/end product 
requirement. 


Salient advantages of Static Fluidized—Bed Driers 


1 . 

Fuel saving by virtue of more efficient 

heat transfer 

2 . 

B1ac k er tea 


3 . 

Superior bloom 


4 . 

Brighter infusion 


b. 

Better liquors 


6 . 

Increased density of made—tea and consequent higher 

packing per chest 

7 . 

Uniform firing 


0 . 

Lower maintenance cost consequent on 

moving parts 

virtually no 

*7 . 

Centralised controls 
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10. Greater output in relation to floor area 

11. Decreased manpower requirement 

12. Have total flexibility in operational controls 

13. Static Bed machines can fire orthodox and CTC 
Machines. 

It is important to note that while no specialised 
expertise is required for operation of a fluid bed drier« 
the principle however should be thoroughly understood. 
This is especially significant during the first half an 
hour of manufacture for setting of control dampers till 
equilibrium conditions are achieved. Thereafter the 
machine can continue to run normally without any further 
alterations to settings provided that moisture content of 
fermented leaf and inlet temperature remain constant, 
within limits. 


Efficiency of fluidized-bed driers are between 60 — 65 

per cent in contrast to 40 — 45 per cent on conventional 
machines, A fluid bed drier can be attached to existing 
heaters provided both are duly matched in terms of heat 
generation capacity of the heater. Driers can be 
operated with firewood and low-grade coal. The output of 
the system depends on two factors: 

{a) heat generated which again is a function of calorific 
value of fuel used and the efficiency of the system. 

(b) Evaporative capacity of the drier. 


A very important point to note is that 
volume of moisture to be removed vari 
depending upon the moisture content of 
The table below indicates the amount of 
removed in terms of litres to obtain 100 
mouth discharge at 2.5 per cent residual 
Table 1). 
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without impairing quali 
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effective temperature con 


concerned, research is going on 
new concept machines using a 
h drying techniques. These 

re effective evaporation during 
od using higher temperatures 
ty of the end product. These 
ciency of the order of 00—B5 per 
eased heat transfer and more 
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